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EXECUTIVE SUMMARY

When discharged to surface waters, the nutrients phosphorus and nitrogen can contribute to water quality
problems that adversely affect fish, wildlife, aesthetics, recreation and navigation. Common water quality
problems associated with high levels of these nutrients are reduced concentrations of dissolved oxygen,
daily swings in pH, and algae blooms. In extreme cases, high nutrient concentrations in surface waters
can even pose risks to human and animal health by contributing to the spread of toxic algae.

Studies have shown that municipal sewage treatment plants are significant contributors to these problems.
This report presents an evaluation of two approaches to reducing treatment plant discharge of nutrients to
surface water:

* Improving treatment processes to remove more nitrogen or phosphorus and thus reduce their
concentration in the treatment plant effluent

* Improving treatment processes to achieve effluent quality suitable for use as reclaimed water
to recharge groundwater sources, rather than being discharged to surface waters.

The effectiveness and cost of various technology upgrades were evaluated for generic models of the
numerous types of treatment plants used in Washington State. The results of the evaluations can be used
by regulatory agencies, engineers, planners and the public to assess the likely implications of such
treatment plant upgrades.

BACKGROUND

There are over 300 municipal treatment plants in Washington, using many types of treatment processes.
Figure ES-1 shows the prevalent facility types, the number of plants of each type, and their cumulative
capacities as a percentage of total municipal capacity in the state.

Since state and federal secondary treatment requirements were established in the 1970s, advances have
been made in treatment technology that allow much greater removal of nutrients at an economical cost.
Municipalities across Washington are working to evaluate the types of treatment available, the reliability
and performance of different treatment options, the potential costs, and other factors associated with
removing nutrients to meet surface water quality standards and with using reclaimed wastewater for
groundwater recharge.

This report presents preliminary analyses for how nutrient removal and water reclamation can be achieved
and roughly how much they cost. It is an early step in a public process to determine levels of nutrient
removal that could be required in Washington. Significant additional work is needed before any such
nutrient limits can be adopted. Information in this report must be reviewed by agencies, municipalities,
the public and other stakeholders. An appropriate level of nutrient removal to apply statewide or
regionally must be determined. Funding for this report came from a U.S. Environmental Protection
Agency (EPA) National Estuary Grant.

EVALUATION APPROACH FOR NUTRIENT REMOVAL

Six potential nutrient-removal objectives were evaluated to determine their technical and economic
impacts. These objectives represent regulatory standards that could be adopted to set limits on
concentrations of total inorganic nitrogen (TIN) or total phosphorus (TP) in municipal treatment plant
effluent.
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Lagoons

Extended Aeration
78 Plants
25% of Statewide Capacity

87 Plants
6% of Statewide Capacity
Fi;‘g?jl':"'t“ Commercial Septic System
ants 13 Plants
8% of Statewide Capacity 0.1% of Statewide Capacity
Membrane Bioreactor
11 Plants t y

1% of Statewide Capacity

Sequencing Batch Reactor
30 Plants
2% of Statewide Capacity

High-Purity Oxygen
3 Plants
25% of Statewide Capacity

Conventional Activated Sludge
62 Plants
33% of Statewide Capacity

Figure ES-1. Distribution of Washington Municipal Treatment Plants by Type of Technology

The objectives evaluated, based on generally accepted performance of established nutrient removal
technologies, are as follows:

*  Objective A—Eftluent TIN < 8 mg/L

*  Objective B—Effluent TIN <3 mg/L

*  Objective C—Effluent TP < 1 mg/L

*  Objective D—Effluent TP < 0.1 mg/L

*  Objective E—Effluent TIN < 8 mg/L and effluent TP < 1 mg/L

*  Objective F—Effluent TIN < 3 mg/L and effluent TP <0.1 mg/L.

For each objective, analyses were performed of the improvements needed to achieve the objective year-
round or to achieve it only during the dry season, when warm weather and low flows in receiving waters
present the greatest risk of nutrients in effluent contributing to algae problems. The year-round and dry-
season-only conditions represent the most and least expensive approaches to achieving each objective.
The evaluations were performed for each of the main types of municipal treatment plant currently used in
Washington. It was assumed that the technologies used to achieve the nutrient removal objectives for each
type of treatment plant would be as shown in Table ES-1.

The analyses were performed for generic, typical existing plants with assumed representative wastewater
characteristics and design criteria. Three sizes of plant capacity were assessed for each plant type,
representing the range of sizes of plants of that type in Washington. The following parameters were
calculated for each objective for each type of existing treatment plant:

* Recycled loads—Recycled loads are the quantities of nutrients in sludge that has gone
through initial treatment at the treatment plant and is returned to the head of the plant for
additional treatment. Plants with significant recycled loads require larger treatment units to
achieve treatment objectives, which affects capital cost for the upgrades. Estimates of
recycled loads also help point out potential drawbacks to proposed upgrades. For example, in
the analyses of objectives that target only nitrogen removal, the recycled load estimates for
some types of treatment plant showed that the nitrogen reduction would be accompanied by
an increase in phosphorus in the plant effluent.
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TABLE ES-1.
TREATMENT PROCESS UPGRADES EVALUATED
TO ACHIEVE NUTRIENT-REMOVAL OBJECTIVES

Objective Objective Objective  Objective Objective Objective
A B C D E F
Definition of Objective
Effluent TIN <8 mg/L <3 mg/L — — <8 mg/L <3 mg/L
Effluent TP — — <lmg/L <0.1 mg/L <1mg/L <0.1 mg/L
Treatment Processes to Achieve Objective
Existing Extended Aeration Plant
Year-Round MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F
Seasonal MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F
Existing Conventional Activated Sludge Plant
Year-Round MLE+MBR 4BDP+MBR+M C C+F MLE+MBR+C 4BDP+MBR+M+C
Seasonal MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F
Existing Sequencing Batch Reactor Plant
Year-Round SBR SBR+DNF+M  SBR+C SBR+C+F SBR+C SBR+DNF+C+F+M
Seasonal SBR SBR+DNF+M  SBR+C SBR+C+F SBR+C SBR+DNF+C+F+M

Seasonal MLE 4BDP+M C C+F MLE+C

Existing Trickling Filter, Trickling Filter/Solids Contact, or Rotating Biological Contactor Plant
Year-Round MLE+MBR 4BDP+MBR+M C C+F MLE+MBR+C 4BDP+MBR+M+C

4BDP+M+C+F

Existing Membrane Bioreactor Plant

4BDP = Four-stage Bardenpho system for denitrification

DNF = Denitrification filters

F = Tertiary filters for phosphorus removal

M = Methanol addition for denitrification

MBR = Membrane bioreactors for denitrification

MLE = Modified Ludzack Ettinger process for denitrification

OC = Operational changes only

SBR = Sequencing batch reactor (capacity increased for denitrification)

Year-Round oC M C C C C+M
Seasonal oC M C C C C+M
Existing High-Purity Oxygen Activated Sludge Plant

Year-Round MLE+MBR  4BDP+MBR — — — —
Seasonal MLE 4BDP+M — — — —
Existing Aerated Lagoon or Facultative Lagoon Plant

Year-Round MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F
Seasonal MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F

C = Chemical addition: alum for phosphorous removal, magnesium hydroxide for pH control
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*  Sludge production—Sludge is a treatment plant byproduct that ultimately must be disposed
of in one way or another. The amount of sludge produced at the plant therefore represents an
ongoing operation cost associated with its disposal. The cost associated with disposing of
more sludge, or the savings associated with disposing of less sludge, must be accounted for in
the estimated cost of nutrient-removal upgrades.

* Energy consumption—Energy consumption represents an ongoing cost of plant operation,
so any change in energy consumption associated with a nutrient-removal upgrade must be
accounted for in assessing the cost of that upgrade. Energy consumption also correlates with
the generation of greenhouse gases, so estimates of changes in energy consumption provide a
qualitative indication of potential environmental impact or benefit.

*  Chemical usage—Chemical usage represents an ongoing cost of plant operation, so any
change in chemical usage associated with a nutrient-removal upgrade must be accounted for
in assessing the cost of that upgrade.

*  Footprint requirements—Footprint requirement is the area of ground that would be covered
by any new structures that must be built as part of a nutrient-removal upgrade. Increases or
decreases in overall treatment plant footprint were estimated to provide a general sense of
how easily a nutrient-removal upgrade could fit within the limits of the existing treatment
plant. At plants where land is already available to expand the overall plant area without
property acquisition costs, it may be more effective to implement treatment technologies that
require more footprint but cost less than those evaluated in this report.

EVALUATION APPROACH FOR WATER RECLAMATION

The State of Washington at Chapter 90 Article 90.46 of the Revised Code of Washington (90.46 RCW)
defines reclaimed water as “effluent derived in any part from wastewater with a domestic wastewater
component that has been adequately and reliably treated, so that it can be used for beneficial purposes.

Reclaimed water is not considered a wastewater.” State standards define four classes of reclaimed water
(A, B, Cand D).

The evaluation of water reclamation for this report is based on the standards for Class A reclaimed water
suitable for groundwater recharge by surface percolation. Cost estimates were developed for producing
Class A reclaimed water year-round and seasonally for each type of existing plant for the same capacity
ranges evaluated in the nutrient-removal assessment. To achieve this standard, the following upgrades to
existing treatment plants were assumed:

»  Upgrades previously described to achieve nutrient-removal Objective A (TIN < 8 mg/L)

* Upgrade or replacement of the disinfection process to a UV process that reliably achieves
Class A standards

e A post-chlorination process using bulk-delivered sodium hypochlorite to maintain a
minimum chlorine residual of 0.5 mg/L to the point of application of the water for recharge

* A new filtration process with coagulation/flocculation (only for upgraded plants that would
not include membrane bioreactors)

In many circumstances it may be possible to eliminate the need for a post disinfection system for the
conveyance of the reclaimed water, however this needs to be evaluated and approved on a case by case
basis. Individual cost curves were develop for replacing existing chlorination systems with UV
disinfection, post-chlorination, filtration, as well as for nitrogen removal to provide a cost estimating tool
that can be easily adapted to develop cost for process needs requiring one, two, three or all four of the
processes. The evaluation assumed that each plant’s existing method for wastewater disposal will be
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retained as a backup should the effluent fail to meet Class A reclaimed water requirements; therefore no
capital costs or operational costs were developed for standby or redundant process equipment.

SUMMARY OF COST FINDINGS
Nutrient Removal

The initial results of the nutrient removal evaluation were cost curves showing estimated capital and
operation and maintenance (O&M) costs by plant capacity for each objective for each type of existing
treatment plant. These estimates, based on evaluations of generic treatment plants, were then applied to
the list of actual existing treatment plants in Washington to estimate the aggregate costs for achieving
each of the identified nutrient-removal objectives. The following costs were estimated using this
approach:

* (Capital, O&M and combined annual costs for upgrading all treatment plants in Washington to
achieve each objective, year-round and seasonally.

e Average statewide household sewer rate increases associated with upgrading each type of
treatment plant in Washington to achieve each objective, year-round and seasonally.

* Capital and O&M costs for upgrading all treatment plants in each of Washington’s 62 Water
Resource Inventory Areas (WRIAs) to achieve each objective, year-round and seasonally.
This allows an assessment of costs associated with addressing nutrient-related water quality
problems in a specific watershed.

Tables ES-2 through ES-4 summarize the key results of the cost analysis. The accuracy of the estimated
costs and rate impacts is in the range of -50 percent to +100 percent, consistent with a Class 5 Planning
Estimate as defined by the Association for the Advancement of Cost Engineering.

Water Reclamation

Costs associated with upgrading treatment plants to achieve Class A reclaimed water standards were
compared to the costs of upgrading the plants to achieve nutrient-removal Objective A (TIN < 8 mg/L).
Objective A was selected because it would meet a new rule being considered by the state that would set a
limit of 10 mg/L of TIN for Class A reclaimed water for groundwater discharge. In some circumstances
the level of nitrogen removal may need to greater in order to protect exceptional quality groundwater
resources in order to achieve compliance with Federal and State antidegradation regulations. Incremental
upgrade costs beyond that represent the cost to meet other elements of the Class A standard. These
incremental costs were estimated for three plant capacities for each type of wastewater treatment plant.
Table ES-5 summarizes the range of cost increments over the capacities evaluated for each type of plant.

CONCLUSIONS
Nitrogen Removal

For nitrogen removal, seasonal operation is slightly more cost-effective (per pound of nitrogen removed)
than year-round operation. Year-round removal requires significantly more capital investment to upgrade
treatment facilities. However, seasonal removal generally would provide only about 60 percent of the
nitrogen removal provided by year-round removal, on an annual mass basis.

Implementing nitrogen removal generally would slightly reduce the amount of sludge produced at a
treatment plant (up to 3 percent). Reducing nitrogen to 3 mg/L, however, generally requires the addition
of a carbon substrate, which would produce additional sludge—up to 5 percent above existing rates.
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Energy consumption for nitrogen removal would be significant. Reducing the TIN effluent concentration
statewide to less than 8 mg/L. would require approximately two to three times the amount of electrical
energy currently used by municipal wastewater treatment facilities. Moreover, existing energy recovery
processes at treatment facilities that rely on the production of methane gas from sludge would produce
approximately 5 to 10 percent less energy as a consequence of the removal of nitrogen.

Phosphorus Removal

For phosphorus removal, seasonal removal is generally less cost-effective (per pound of phosphorus
removed) than year-round removal. Both approaches require about the same capital investment to upgrade
treatment facilities, but seasonal removal generally would provide only about 60 percent of the
phosphorus removal provided by year-round removal, on an annual mass basis.

Phosphorus removal by chemical precipitation produces significantly more sludge than existing
processes—approximately 25 to 35 percent more.

Energy consumption would increase for phosphorus removal, but significantly less than for nitrogen
removal. Reducing the TP effluent concentration statewide to less than 1 mg/L would increase treatment
plant electrical energy consumption by approximately 15 to 20 percent.
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TABLE ES-2.
ESTIMATED ANNUAL CAPITAL AND O&M COSTS FOR NUTRIENT REMOVAL UPGRADES OF
ALL TREATMENT PLANTS IN WASHINGTON
Estimated Annual Cost ($ millions, 2010)"

Existing Plant Type Obj.A Obj.B Obj.C Obj.D Obj.E Obj.F
Year-Round Nutrient Removal
Extended Aeration (Mechanical Aeration) 14 29 11 23 31 50
Extended Aeration (Diffused Aeration) 0 0 1 1 1 2
Extended Aeration (with Biological Nutrient Removal) 2 9 21 55 17 66
Conventional Activated Sludge 154 176 64 106 206 273
Sequencing Batch Reactor 1 11 2 7 1 17
Trickling Filter 17 20 6 10 22 29
Rotating Biological Contactor 14 16 4 8 18 24
Trickling Filter/Solids Contact 17 19 7 11 22 29
Membrane Bioreactor 0 0 2 2 2 2
Lagoons (Aerated) 75 81 21 27 87 100
Lagoons (Facultative) 19 21 5 7 22 26
High Purity Oxygen 108 129 NA NA 1089  129?

Statewide Total $421 $513 $143 $256 $537 $748
Dry-Season-Only Nutrient Removal
Extended Aeration (Mechanical Aeration) 21 27 8 14 30 42
Extended Aeration (Diffused Aeration) 0 0 1 1 1 2
Extended Aeration (with Biological Nutrient Removal) 3 15 36 15 47
Conventional Activated Sludge 55 66 53 78 98 141
Sequencing Batch Reactor 0 10 2 5 2 14
Trickling Filter 9 11 5 7 13 18
Rotating Biological Contactor 8 9 4 6 12 15
Trickling Filter/Solids Contact 7 8 5 8 10 15
Membrane Bioreactor 0 0 2 2 2 2
Lagoons (Aerated) 75 81 21 27 87 100
Lagoons (Facultative) 18 19 4 6 21 23
High Purity Oxygen 51 64 NA  NA 519 649

Statewide Total $248 $300 $120 $190 $344 $483
Notes: V' Capital cost were annualized for 20 years at 3% discount rate

@ Cost is for nitrogen removal only
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TABLE ES-3.
ESTIMATED MONTHLY HOUSEHOLD SEWER RATE INCREASE FOR NUTRIENT REMOVAL
UPGRADES OF ALL TREATMENT PLANTS IN WASHINGTON

Estimated Monthly Household Sewer Rate Increase ")

Existing Plant Type Obj.A Obj.B Obj.C Obj.D Obj.E Obj.F
Year-Round Nutrient Removal

Extended Aeration (Mechanical Aeration) $11.29 $2430 $9.26 $18.96 $25.20 $41.13
Extended Aeration (Diffused Aeration) $4.09 §$7.01 $9.91 $22.18 $15.29 $36.23
Extended Aeration (with Biological Nutrient Removal) $0.37 $1.66 $4.07 $10.50 $3.31 $12.68
Conventional Activated Sludge $17.48 $19.95 $7.25 $12.03 $23.33 $30.97
Sequencing Batch Reactor $1.16  $22.37 $4.71 $13.09 $2.45 $33.21
Trickling Filter $27.43 $31.48 $8.85 $1526 $3523 $46.42
Rotating Biological Contactor $29.77 $34.14 $9.24 $15.92 $38.27 $49.99
Trickling Filter/Solids Contact $17.79 $20.08 $6.86 $11.38 $22.33  $30.00
Membrane Bioreactor $0.00  $0.81 $9.46 $10.67 $9.46 $11.46
Lagoons (Aerated) $57.67 $62.05 $15.87 $2091 $66.71 $76.37
Lagoons (Facultative) $66.89 §74.14 $16.43 $23.38 $78.62 $94.66
High Purity Oxygen $16.24 $1947 N/A N/A  $16.24 $19.47

Weighted Average $16.00 $19.48 $7.29 $13.02 $20.40 $28.43

Dry-Season-Only Nutrient Removal

Extended Aeration (Mechanical Aeration) $17.71 $22.12 $6.25 $11.73 $24.88 $34.67
Extended Aeration (Diffused Aeration) $2.34 $4.73 $8.45 $14.66 $15.55 $28.56
Extended Aeration (with Biological Nutrient Removal) $0.48 $0.98 $296 $6.98 $2.97 $8.99

Conventional Activated Sludge $6.23 §$7.46 $6.01 $8.78 S$11.15 $16.02
Sequencing Batch Reactor $0.83 §$18.88 $4.54 $10.35 $4.68 $27.51
Trickling Filter $14.74 $17.01 $7.69 $11.32 $21.47 $28.34
Rotating Biological Contactor $16.93 $19.46 $8.06 $11.80 $24.21 $31.42
Trickling Filter/Solids Contact $7.20 $8.19 $5.66 $8.37 $10.84 $15.53
Membrane Bioreactor $0.00 $0.66 $8.60 $8.77 $8.60  $9.39

Lagoons (Aerated) $57.67 $62.05 $15.87 $20.91 $66.71 $76.37
Lagoons (Facultative) $64.37 $68.74 $14.66 $19.74 $73.51 $83.15
High Purity Oxygen $7.68 $9.70 N/A  N/A  $7.69® $9.70?

Weighted Average $9.43 $11.41 $6.08 $9.64 $13.05 $23.28

Assumptions:

¢ Maximum-month wastewater flow per capita = 160 gallons
Population served by treatment plants = 5,484,396
2.5 persons per household

»  Existing households = 75% of households at design capacity

Notes " Capital cost were annualized for 20 years at 3% discount rate
@ Cost is for nitrogen removal only
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...EXECUTIVE SUMMARY

TABLE ES-4.
ESTIMATED CAPITAL AND O&M COSTS BY WRIA FOR YEAR-ROUND NUTRIENT REMOVAL

Cost ($ millions, 2010)
Objective A Objective B Objective C Objective D Objective E Objective F
Capital O&M  Capital O&M Capital O&M Capital O&M Capital O&M = Capital O&M

WRIA 1 236.4 7.1 260.5 9.8 28.1 34 61.1 4.6 248.8 10.9 306.5 14.4

WRIA 2 6.9 0.3 8.6 0.8 2.4 0.2 53 0.3 8.2 0.5 12.6 1.1
WRIA 3 63.2 1.7 76.8 2.9 14.1 3.7 53.0 5.5 72.0 5.2 123.2 8.7
WRIA 4 127.7 34 155.3 5.8 29.0 7.6 107.4 11.2 146.2 10.6 249.5 17.6
WRIA 5 10.5 0.2 13.5 1.3 2.9 0.4 9.5 0.7 12.2 0.8 21.7 2.0
WRIA 6 42.2 1.6 46.7 2.6 10.0 0.6 17.5 0.8 46.5 2.5 58.5 3.5

WRIA 7 365.7 7.3 388.2 11.0 54.0 8.6 129.0 112 383.8 15.7 482.9 21.7

WRIA 8 1235.6 454 1408.5 54.6 40.4 19.8 167.5 25.0 12534 6l1.1 1538.3 78.0

WRIA 9 227.8 6.7 249.7 8.4 19.2 6.2 74.0 7.7 238.4 12.6 313.5 16.5

WRIA 10 481.5 17.1 548.3 21.2 29.0 10.1 111.0 134 4958 25.7 638.6 35.1

WRIA 11 7.3 0.3 9.9 1.2 2.7 0.3 7.1 0.4 9.1 0.5 16.0 1.5
WRIA 12 117.6 3.2 127.6 4.0 9.5 4.0 383 5.0 124.1 6.4 160.1 8.7
WRIA 13 0.3 0.0 22.6 0.6 14.2 3.1 43.2 5.1 20.9 2.3 58.2 6.1
WRIA 14 14.8 0.0 18.2 1.2 3.2 0.8 11.3 1.1 16.8 1.1 28.4 23
WRIA 15 98.7 2.9 112.2 4.2 143 3.9 47.7 5.0 110.8 6.6 155.9 9.2
WRIA 17 12.1 0.2 14.3 0.7 1.9 0.5 7.4 0.7 13.6 0.9 21.2 1.4
WRIA 18 39.8 0.9 44.6 1.6 4.2 1.2 15.8 1.6 42.1 2.1 583 3.0
WRIA 19 5.5 0.3 6.1 0.4 0.9 0.1 1.9 0.1 6.2 0.4 7.6 0.4
WRIA 20 15.0 0.6 15.7 0.7 2.9 0.2 4.1 0.3 16.3 0.8 18.0 0.9
WRIA 21 1.6 0.0 1.9 0.2 0.6 0.1 1.5 0.1 2.1 0.2 33 0.3
WRIA 22 78.1 1.6 89.6 3.8 9.7 2.9 38.9 4.0 85.6 5.0 125.3 7.7
WRIA 23 5.1 0.0 15.8 1.7 113 2.0 43.6 3.9 9.8 2.1 52.6 6.1
WRIA 24 42.8 1.9 47.0 2.8 10.0 0.7 18.4 0.9 473 2.6 59.9 3.8
WRIA 25 39.2 1.6 42.1 1.9 9.2 0.4 14.2 0.5 42.4 2.2 50.4 2.7
WRIA 26 14.6 0.5 16.1 1.4 4.3 0.7 9.4 0.9 18.0 1.4 24.5 1.9
WRIA 27 4.6 0.2 8.3 1.2 3.2 0.3 11.0 0.7 6.6 0.5 18.2 1.9
WRIA 28 9.4 0.0 45.2 0.5 29.3 6.8 105.7 11.6 34.8 5.8 131.9 13.9
WRIA 29 5.7 0.0 6.8 0.5 0.9 0.2 4.0 0.4 6.2 0.5 10.5 0.8
WRIA 30 454 1.4 47.2 1.7 9.6 0.6 14.0 0.7 49.5 1.9 55.5 23
WRIA 31 100.3 1.8 101.9 23 22.5 0.9 33.9 1.2 107.8 2.9 122.4 3.7
WRIA 32 10.3 0.0 17.9 0.9 8.7 1.8 31.5 3.0 143 2.0 44.5 4.6
WRIA 34 143.2 5.2 158.8 6.8 34.8 2.6 654 3.6 156.9 8.5 202.9 11.3
WRIA 35 15.9 0.6 18.2 0.9 2.1 0.5 7.2 0.6 17.8 1.0 24.9 1.4
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TABLE ES-4 (continued).
ESTIMATED CAPITAL AND O&M COSTS BY WRIA FOR YEAR-ROUND NUTRIENT REMOVAL

Cost ($ millions, 2010)

Objective A Objective B Objective C Objective D Objective E Objective F

Capital O&M  Capital O&M Capital O&M Capital O&M Capital O&M = Capital O&M

WRIA 36 48.5 2.0 52.5 23 7.5 1.2 16.3 1.4 53.2 2.8 65.0 3.5

WRIA 37 197.5 5.9 217.8 8.1 22.5 5.8 72.9 7.4 213.1 10.9 280.5 15.0

WRIA 38 13.2 0.4 153 0.8 1.9 0.5 6.6 0.6 14.9 0.9 21.5 1.3

WRIA 39 49.6 1.6 57.0 2.9 7.4 1.5 24.7 2.2 54.7 2.8 783 4.9

WRIA 40 53.8 1.6 59.6 2.0 5.1 1.8 19.9 23 58.0 3.1 77.5 4.2

WRIA 41 83.5 2.5 89.3 3.1 17.9 1.6 34.7 2.0 91.7 4.0 114.3 54
WRIA 42 11.8 0.6 12.6 0.7 2.4 0.2 3.7 0.3 13.0 0.7 14.8 0.9
WRIA 43 36.5 1.5 40.3 1.8 4.9 1.0 13.0 1.3 40.0 2.2 51.1 2.8
WRIA 44 219 0.7 24.8 1.1 2.5 0.7 9.2 0.9 24.1 1.4 333 1.8
WRIA 45 55.1 1.7 60.5 2.6 9.4 1.5 21.8 1.9 61.2 3.2 78.3 43
WRIA 47 133 0.5 14.9 0.6 1.3 0.3 4.9 0.4 14.4 0.8 19.5 1.1
WRIA 48 11.1 0.4 12.5 0.7 1.9 0.3 4.9 0.4 12.4 0.7 16.5 1.0
WRIA 49 19.4 0.4 22.7 1.2 2.8 0.7 11.1 1.0 21.5 1.5 33.0 2.1
WRIA 50 10.1 0.4 10.6 0.5 2.0 0.2 2.9 0.2 11.0 0.5 123 0.6
WRIA 52 2.0 0.1 2.2 0.1 0.4 0.0 0.5 0.0 2.2 0.1 24 0.2
WRIA 53 2.6 0.2 2.8 0.2 0.5 0.1 0.6 0.1 2.9 0.2 3.1 0.2
WRIA 54 29.4 0.0 454 0.0 0.2 0.0 63.1 5.1 383 -2.8 114.7 4.5
WRIA 55 3.8 0.3 4.0 0.3 0.7 0.1 0.9 0.1 4.1 0.3 4.5 0.3
WRIA 56 53.7 1.9 57.0 2.7 10.0 1.2 18.5 1.5 583 3.0 69.6 3.8
WRIA 60 0.8 0.1 0.9 0.1 0.1 0.0 0.2 0.0 0.9 0.1 1.0 0.1
WRIA 61 2.0 0.1 2.2 0.1 0.4 0.0 0.5 0.0 2.2 0.1 2.4 0.2
WRIA 62 17.4 0.8 20.0 1.0 5.1 0.6 11.0 0.8 19.9 1.3 27.9 1.9
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TABLE ES-5.
ESTIMATED CAPITAL AND O&M COSTS BY WRIA FOR DRY-SEASON NUTRIENT REMOVAL

Cost ($ millions, 2010)
Objective A Objective B Objective C Objective D Objective E Objective F
Capital O&M  Capital O&M Capital O&M Capital O&M Capital O&M = Capital O&M

WRIA 1 160.6 5.7 177.7 7.4 28.3 2.6 51.2 3.4 174.3 8.5 215.5 11.1
WRIA 2 6.6 0.3 8.1 0.7 2.4 0.2 4.3 0.3 8.3 0.5 11.6 1.0
WRIA 3 27.5 1.3 35.5 1.8 15.2 2.7 38.7 3.7 38.0 3.9 70.0 5.9
WRIA 4 553 2.6 71.5 3.6 312 54 78.4 7.4 77.1 7.9 141.7 12.0
WRIA 5 10.1 0.5 12.6 1.2 2.8 0.3 7.3 0.5 12.3 0.8 19.2 1.6
WRIA 6 38.1 1.7 40.4 23 9.0 0.5 13.6 0.7 42.4 2.2 49.5 2.9

WRIA 7 253.6 5.1 264.8 7.0 58.9 6.6 108.7 8.3 273.2 11.4 343.8 154

WRIA 8 477.6 22.8 564.0 28.2 59.6 13.7 139.6 16.6  497.7  35.1 694.0 44.5

WRIA 9 113.5 3.2 124.1 4.2 23.7 4.8 54.6 5.7 122.0 8.4 169.0 10.8

WRIA 10 182.2 8.3 220.7 10.9 37.2 7.3 86.8 9.2 200.1 15.5 299.1 21.1

WRIA 11 5.1 0.3 7.3 1.0 2.7 0.3 5.9 0.4 6.9 0.5 12.3 1.3
WRIA 12 41.1 1.0 453 1.4 13.1 2.9 30.3 3.5 47.6 3.7 73.8 5.0
WRIA 13 0.3 0.0 5.0 0.6 143 2.0 35.6 3.1 8.0 1.8 333 4.0
WRIA 14 13.5 0.4 16.1 1.1 3.1 0.5 8.0 0.7 16.6 1.0 24.1 1.9
WRIA 15 35.0 1.7 42.8 2.3 15.8 3.1 33.7 3.7 47.1 4.6 752 6.2
WRIA 17 8.6 0.4 10.1 0.6 1.9 0.4 4.8 0.5 10.6 0.8 15.1 1.2
WRIA 18 19.0 0.5 21.6 0.8 5.0 0.9 113 1.2 213 1.4 31.2 2.0
WRIA 19 4.5 0.3 5.0 0.4 0.9 0.1 1.5 0.1 5.1 0.4 6.1 0.4
WRIA 20 15.0 0.6 15.7 0.7 2.9 0.2 4.1 0.3 16.3 0.8 18.0 0.9
WRIA 21 1.4 0.2 1.7 0.2 0.6 0.1 1.0 0.1 2.1 0.2 2.8 0.2
WRIA 22 40.9 1.5 48.0 2.6 10.6 2.2 27.2 2.8 49.8 3.8 74.7 5.5
WRIA 23 4.6 0.3 12.4 1.3 113 1.4 32.7 2.4 12.3 1.7 40.7 43
WRIA 24 37.6 1.8 40.6 2.6 9.2 0.6 14.8 0.8 42.1 24 50.5 33
WRIA 25 37.8 1.5 38.9 1.7 8.1 0.4 11.6 0.5 40.9 1.9 45.6 2.2
WRIA 26 12.4 1.1 14.0 1.2 4.2 0.6 6.7 0.7 16.5 1.5 20.4 1.8
WRIA 27 1.8 0.1 4.9 1.0 3.1 0.3 8.3 0.5 4.2 0.4 12.5 1.5
WRIA 28 8.1 0.3 20.9 0.5 29.8 4.2 81.3 6.9 25.6 4.6 87.6 9.1
WRIA 29 5.2 0.4 6.0 0.5 0.9 0.2 24 0.2 6.4 0.5 8.8 0.7
WRIA 30 44.7 1.4 46.5 1.7 9.6 0.6 13.8 0.7 48.8 1.9 54.5 23
WRIA 31 98.3 1.8 99.8 2.3 22.5 0.9 333 1.2 105.8 2.9 119.6 3.7
WRIA 32 9.8 0.3 15.2 0.8 8.8 1.2 22.8 1.9 16.8 1.7 35.6 34
WRIA 34 132.7 5.3 139.9 6.2 31.0 2.2 50.7 2.8 147.4 7.4 174.4 9.3
WRIA 35 6.4 0.5 7.8 0.6 23 0.4 4.9 0.5 8.1 0.8 123 1.0
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TABLE ES-5 (continued).
ESTIMATED CAPITAL AND O&M COSTS BY WRIA FOR DRY-SEASON NUTRIENT REMOVAL

Cost ($ millions, 2010)

Objective A Objective B Objective C Objective D Objective E Objective F

Capital O&M  Capital O&M Capital O&M Capital O&M Capital O&M = Capital O&M

WRIA 36 33.8 1.6 36.8 1.9 8.0 1.1 13.6 1.2 38.2 2.4 46.8 2.9
WRIA 37 92.2 3.3 103.6 4.6 26.3 4.6 56.0 5.5 106.8 7.5 152.6 10.1
WRIA 38 5.0 0.4 6.3 0.5 2.1 0.4 4.4 0.4 6.7 0.7 10.6 1.0
WRIA 39 235 0.9 284 1.9 8.3 1.3 19.5 1.6 28.3 2.0 45.4 34

WRIA 40 18.1 0.6 21.0 0.9 6.5 1.4 14.9 1.7 22.1 1.9 35.1 2.6

WRIA 41 70.3 23 75.0 2.8 18.0 1.4 29.2 1.8 79.2 3.7 95.3 4.8

WRIA 42 11.6 0.6 12.4 0.7 2.4 0.2 3.4 0.3 12.9 0.8 14.5 0.9
WRIA 43 204 1.1 22.8 1.3 54 0.9 10.2 1.0 23.7 1.7 31.2 2.2
WRIA 44 7.9 0.5 9.6 0.6 2.9 0.6 6.5 0.7 10.0 1.0 15.7 1.3
WRIA 45 35.8 1.4 394 1.9 10.0 1.3 17.6 1.5 42.1 2.6 53.8 34
WRIA 47 7.2 0.3 8.1 0.4 1.5 0.3 33 0.3 8.1 0.6 11.0 0.8
WRIA 48 8.8 0.5 9.8 0.6 1.9 0.3 3.6 0.3 10.2 0.7 12.8 0.9
WRIA 49 13.9 0.8 16.2 1.1 2.7 0.5 6.9 0.7 16.8 1.3 23.2 1.8
WRIA 50 10.1 0.5 10.6 0.5 2.0 0.2 2.9 0.2 11.0 0.5 12.2 0.6
WRIA 52 2.0 0.1 2.2 0.1 0.4 0.0 0.5 0.0 2.2 0.1 24 0.2
WRIA 53 2.6 0.2 2.8 0.2 0.5 0.1 0.6 0.1 2.9 0.2 3.1 0.2
WRIA 54 38.0 0.0 41.8 0.0 0.2 0.0 513 2.7 19.1 0.1 72.7 6.4
WRIA 55 3.8 0.3 4.0 0.3 0.7 0.1 0.9 0.1 4.1 0.3 4.5 0.3
WRIA 56 52.8 2.2 56.0 2.6 9.9 1.0 16.2 1.2 583 3.0 67.0 3.6
WRIA 60 0.8 0.1 0.9 0.1 0.1 0.0 0.2 0.0 0.9 0.1 1.0 0.1
WRIA 61 2.0 0.1 2.2 0.1 0.4 0.0 0.5 0.0 2.2 0.1 2.4 0.2
WRIA 62 16.9 0.9 19.1 1.0 5.1 0.5 8.7 0.7 20.3 1.3 25.6 1.7
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...EXECUTIVE SUMMARY

TABLE ES-6.

RECLAIMED-WATER UPGRADE COST RELATIVE TO
OBJECTIVE A NUTRIENT-REMOVAL UPGRADE COST

Reclaimed-Water Upgrade Cost as Percent of Nutrient-Removal Upgrade Cost

Annualized Capital Cost Annual O&M Cost
Treatment Plant Type Year-Round Seasonal Year-Round Seasonal
Extended Aeration (Mechanical) 199 -214 149 — 208 (417)— 1,486 180 — 681
Extended Aeration (Diffused) 886 — 1,502 600 — 1,043 (1,500) — 2,665 (698) — 1,516
Conventional Activated Sludge 88— 103 186 — 300 64— 125 54 -219
Sequencing Batch Reactor Undefined Undefined 4,895 - 7,415 (115,891)— 41,656
Trickling Filter 71 -90 93 - 127 51-126 39 -223
Rotating Biological Contactor 71 -89 92 - 125 43 -117 31-173
Trickling Filter/Solids Contact 84 - 98 148 — 167 83 — 144 81 -420
Membrane Bioreactor Undefined Undefined Undefined Undefined
High-Purity Oxygen 109 216 -273 64 — 68 251 -311
Facultative Lagoon 48 — 80 35-55 51-171 46 — 64
Aerated Lagoon 47-79 34 -55 67 - 105 60 —-91

Notes:

a. Ranges indicate low and high values for the range of plant capacities evaluated

b. Negative values (in parentheses) indicate that the nutrient-removal upgrade provides a cost savings; percentage show
represents the ratio of reclaimed-water upgrade cost to nutrient-removal upgrade savings

¢. Undefined indicates that there is no cost or savings associated with the nutrient-removal upgrade because no changes
are required to achieve the nutrient-removal objective.

d. Annualized capital cost based on 3% discount rate over 20 years.

e. Annual O&M cost includes labor, materials, chemicals and energy.
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CHAPTER 1.
INTRODUCTION

Excessive loads of nutrients—specifically nitrogen and phosphorus—are the leading cause of water
quality impairment in the United States and in the State of Washington. Impairments caused by excessive
nutrients include excessive growth of algae and aquatic plants, low dissolved oxygen concentrations, fish
and shellfish kills, foul odors, degraded drinking water supplies, and degraded recreational uses. The
Washington Department of Ecology’s 2008 Water Quality Assessment report identifies 524 Category 5
listings for the federal 303(d) list of impaired water bodies that may be attributable to excess nutrients.

The primary sources of nitrogen and phosphorus pollution are municipal wastewater, urban stormwater,
agricultural (livestock and row crop) runoff, other non-point sources, and industrial wastewater. The
contribution from each of these sources is dependent on the extent of development in the watershed of
interest. Although nitrogen and phosphorus loads from other sources may be greater, nutrient loads from
municipal wastewater treatment plants can be significant; such loads also are more manageable from a
regulatory perspective.

1.1 BACKGROUND

1.1.1 National Trends

The Clean Water Act of 1972 authorized the U.S. Environmental Protection Agency (EPA) to establish
standards for municipal wastewater treatment plants to restore and maintain the chemical, physical and
biological integrity of the nation’s waters. Minimum standards for municipal wastewater treatment plant
effluent were promulgated into public law in 1973. The standards are based on the best treatment
technology economically achievable, regardless of the condition of the receiving water. These standards
are commonly known as the standards for secondary treatment. They were established for four
conventional pollutant parameters: 5-day biochemical oxygen demand (BODjs), total suspended solids
(TSS), fecal coliform bacteria, and pH. In 1984, the EPA allowed the use of a test for 5-day carbonaceous
biochemical oxygen demand (CBODs) rather than for BODs, thereby eliminating the effects of residual
nitrogen (principally ammonia) on the BOD test.

While conventional secondary treatment reliably removes more than 90 percent of CBOD and TSS, it
only removes about 10 to 15 percent of the total nitrogen (TN) contained in raw wastewater and 20 to
30 percent of the total phosphorus (TP). For some receiving waters, this level of nutrient removal has
been inadequate to achieve water quality objectives. The Clean Water Act allows permitting agencies to
impose more stringent effluent limits if the technology-based limits are not adequate to prevent violation
of water quality standards.

Significant advances have been made in wastewater treatment technology since enactment of the
secondary treatment standards. Several processes have proven to be reliable and cost-effective in
removing nitrogen and phosphorus from municipal wastewater. The EPA recently published (September
2008) a comprehensive document that identifies and evaluates the performance and costs of nitrogen and
phosphorus removal technologies applied to municipal wastewater treatment plants throughout the United
States.

1-1





Technical and Economic Evaluation of Nitrogen and Phosphorus Removal at Municipal Wastewater Treatment Facilities...

1.1.2 Washington State Trends

Pollutant loads to municipal wastewater plants are primarily driven by population—as the population
grows, so does the quantity of nitrogen and phosphorus. U.S. Census Bureau data indicate that population
increased 13.1 percent in the last 10 years in Washington, compared to 9 percent nationwide. In the last
50 years, the population of Washington has increased approximately 180 percent.

In 1998, the EPA published the National Strategy for Development of Regional Nutrient Criteria. In turn,
the State of Washington promulgated numeric water standards (WAC Chapter 173-201A) for phosphorus
for lakes and reservoirs and for a reach of the Spokane River, extending from Long Lake Dam to the Nine
Mile Bridge. Currently there are no numeric water quality standards for nitrogen in the State of
Washington.

There are about 300 municipal wastewater treatment plants operating in the State of Washington, using a
wide assortment of treatment technologies—ranging from simple facultative lagoons to complex
automated mechanical treatment plants. Their current conditions are estimated as follows:

* The plants range in annual average flow capacity from less than 10,000 gallons per day (gpd)
to 210 million gallons per day (mgd), with a combined maximum month rated capacity of
approximately 1,172 mgd.

*  Assuming that all these plants are operating at 70 percent of their design capacity with respect
to flows and pollutant loads characteristic of municipal wastewater, the existing plants serve
an equivalent population of 5.13 million.

*  Collectively, these plants are estimated to treat about 187 billion gallons of wastewater per
year.

*  The estimated mass of total nitrogen in effluent currently discharged by these plants is in the
range of 22,000 to 26,000 tons per year. More than 90 percent of this nitrogen is in the form
of inorganic nitrogen (ammonia, nitrate, and nitrite). This estimate is based on nitrogen
removal efficiency of 10 to 15 percent for conventional activated sludge, fixed film systems,
high purity oxygen plants, lagoons and septic tanks, and 30 percent to 50 percent for SBR,
extended aeration, and membrane bioreactor plants.

* The estimated mass of total phosphorus contained in effluent currently discharged by these
plants is in the range of 4,800 to 5,400 tons per year. This estimate is based on 30 percent of
the extended aeration plant capacity achieving 80 percent phosphorus removal during the dry
weather season and the remaining capacity of the extended aeration plants achieving
20 percent to 30 percent phosphorus removal. Existing SBR and MBR plants were estimated
to have a phosphorus removal efficiency of 70 percent. All of the other treatment process
category types were assume to have phosphorus removal efficiency in the range of 20 percent
to 30 percent.

With a few exceptions, most municipal wastewater treatment plants in Washington only remove nitrogen
and phosphorus to levels generally reported for conventional secondary treatment.

A few municipal wastewater treatment plants in Washington were designed and are operated to remove a
greater percentage of nutrients than conventional secondary treatment does. Plants that produce reclaimed
water for irrigation often are required to reduce TN to less than 10 milligrams per liter expressed as
nitrogen (10 mg-N/L). Water-quality-based effluent limitations for nitrogen and phosphorus have been
established for a few wastewater treatment plants in Washington (fewer than 10) based on total maximum
daily load (TMDL) allocations.
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1.2 PURPOSE OF THIS REPORT

This report evaluates the effectiveness and economics of advanced technologies to remove nitrogen and
phosphorus from the discharges of existing municipal wastewater treatment facilities in Washington. It
was prepared to assist municipal decision makers and regional and state regulators in planning for nutrient
removal specifically from municipal wastewater treatment plants. Similar evaluations have been
conducted across the nation—for Chesapeake Bay, Maryland, Pennsylvania, Virginia, Minnesota and
Wisconsin—but they focused principally on phosphorus removal.

This report does not identify and evaluate all established, emerging, or innovative nutrient removal
technologies. It is generally accepted that established wastewater treatment technologies can reliably
reduce total inorganic nitrogen to 3 mg/L and TP to 0.1 mg/L. This report identifies a range of established
technologies that are available and economically reasonable and have been applied in Washington and
elsewhere in the United States to upgrade municipal wastewater treatment plants to achieve specific
nitrogen and phosphorus reduction goals.

This report provides the information and tools to help regulatory agencies, engineers, planners and the
general public understand the technologies and economic impact of upgrading wastewater treatment
plants to reduce nitrogen and phosphorus loads.

1.3 DEVELOPMENT AND ORGANIZATION OF THE REPORT

In March 2009, the Washington Department of Ecology contracted with Tetra Tech to conduct the
technical and economic evaluation of nitrogen and phosphorus removal at municipal wastewater
treatment facilities in Washington. The original scope of work provided for up to 30 case studies of
existing wastewater treatment facilities in Washington using a variety of technologies to achieve nitrogen
and phosphorus removal.

As an initial effort, Tetra Tech completed case studies for two of the state’s largest treatment plants: King
County’s South Treatment Plant and the City of Spokane’s Riverside Treatment Plant. The case studies
were reviewed by the Department of Ecology, EPA Region 10, a technical review committee,
representatives from the studied facilities, and other interested parties, and a review workshop was held.

Lessons learned from the two case studies prompted Tetra Tech and the Department of Ecology to amend
the scope of work. Under the revised work plan, six potential nutrient-removal objectives were evaluated
to determine their technical and economic impacts on treatment plants. These objectives represent
regulatory standards that could be adopted to set limits on concentrations of total inorganic nitrogen
(TIN) or total phosphorus (TP) in municipal treatment plant effluent. The evaluations were performed for
each of the main types of municipal treatment plant currently used in Washington. For each objective,
analyses were performed of the improvements needed to achieve the objective year-round or to achieve it
only during the dry season, when warm weather and low flows in receiving waters present the greatest
risk of nutrients in effluent contributing to algae problems. The year-round and dry-season-only
conditions represent the most and least expensive approaches to achieving each objective.

Table 1-1 summarizes the revised work plan and where each element of the work plan is presented in this
report. In addition to the content summarized in Table 1-1, Chapter 2 provides detailed descriptions of the
nutrient-removal objectives evaluated and the types of treatment plants for which each objective was
analyzed, and Chapter 3 explains the methodology used in the analysis.
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TABLE 1-1.
PROJECT WORK PLAN AND REPORT ORGANIZATION

Work Plan Element

Location in Report

Develop process and cost models for upgrading seven
generic (hypothetical) wastewater treatment plant
process categories with unit process design criteria
consistent with those typically applied for wastewater
treatment plants in the state and the Department of
Ecology’s Criteria for Sewage Works Design (Ecology,
2008).

Evaluate capital and incremental operational costs to
achieve six nutrient removal goals for several
technologies at existing municipal treatment plants in
Washington.

Develop cost models (curves) for capital construction,
incremental annual operation and maintenance (O&M),
and 20-year life cycle costs for upgrading each of the
seven categories of treatment plants for six different
nutrient removal objectives.

Estimate incremental capital, O&M, and 20-year life
cycle costs to achieve the six different nutrient removal
objectives for all wastewater municipal wastewater
treatment facilities in Washington.

Compare process technology upgrade requirements and
costs for upgrading existing municipal treatment plants
in Washington to remove nutrients with upgrading plants
to produce reclaimed water that meets the State of
Washington’s Class A reuse standards (WAC 173-221)
for groundwater recharge

Details of the models developed for this project are
presented in Appendix A. Summaries of the process
modeling results are presented in Chapters 4 — 10
(each chapter presents the results for one treatment
plant type) and the cost results are summarized in
Chapters 11 — 16 (each chapter presents costs for a

_separate nutrient-removal objective)

Nutrient-removal upgrade costs for the six nutrient-
removal objectives are presented in Chapters 11 —
16 (each chapter presents costs for a separate

_objective)

Nutrient-removal upgrade cost curves for the six
nutrient-removal objectives are presented in
Chapters 11 — 16 (each chapter presents costs for a
separate objective)

Estimated cumulative costs for upgrading municipal

wastewater treatment plants statewide are presented
in Chapter 17.

Incremental costs for providing treatment to achieve

Class A water reuse standards are presented in
Chapter 18.
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CHAPTER 2.
NUTRIENT REMOVAL OBJECTIVES
AND TREATMENT PLANTS EVALUATED

2.1 NUTRIENT REMOVAL OBJECTIVES

Six nutrient removal objectives stipulated by Ecology and EPA were identified for analysis. These
objectives were selected based on the generally accepted performance associated with established nutrient
removal technologies for municipal wastewater treatment plants. The objectives for this report are defined
by the concentration of the nutrient of concern (nitrogen and/or phosphorus) remaining in the treated
effluent, as follows:

*  Objective A—Total inorganic nitrogen (TIN) <8 mg/L
*  Objective B—TIN <3 mg/L

e Objective C—Total Phosphorus (TP) <1 mg/L

e Objective D—TP <0.1 mg/L

*  Objective E—TIN <8 mg/L & TP <1 mg/L

*  Objective F—TIN <3 mg/L & TP <0.1 mg/L

2.2 EXISTING MUNICIPAL WASTEWATER TREATMENT PLANTS

The Department of Ecology maintains a database of detailed information on each municipal wastewater
treatment plant in the state. (The database was known as the Water Quality Permit Life Cycle System
until 2010, when it was replaced with the Permit and Reporting Information System, or “PARIS.”) For
this study, Ecology provided Excel spreadsheets from each of its regional offices listing the names of all
plants managed by that region, with pertinent information about each plant: design capacity (based on
maximum-month flows), type of liquid stream treatment processes used, type of sludge treatment system,
and where the final effluent is discharged (freshwater, marine water, groundwater or reuse). The
secondary treatment processes used at the listed plants can be categorized as follows:

*  Extended aeration (EA)
*  Conventional activated sludge (CAS)
*  Sequencing batch reactors (SBR)
*  Fixed film systems (FF)
*  Membrane bioreactors (MBR)
*  High-purity oxygen activated sludge (HPO)
* Lagoons
*  Septic treatment (SPT).
Tables 2-1 and 2-2 and Figures 2-1 and 2-2 summarize key data from the Ecology spreadsheets by

treatment process type, number of plants, individual plant capacity and collective treatment capacity. The
data are discussed in detail in the following sections.
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TABLE 2-1.
NUMBER OF PLANTS BY SECONDARY TREATMENT PROCESS CATEGORY AND
MAXIMUM-MONTH RATED PLANT CAPACITY

Number of Plants

Capacity Capacity Capacity Capacity Capacity Capacity Capacity

=0t005 >05to5 >5tol0 >10t0o20 >20to50 >50to > 100
Process Category mgd mgd mgd mgd mgd 100 mgd mgd Total
EA 31 36 5 3 2 1 0 78
CAS 30 18 7 3 2 1 1 62
SBR 17 12 1 0 0 0 0 30
FF 7 6 0 1 0 0 20
MBR 0 0 0 0 0 11
HPO 0 0 0 1 1 1 3
Lagoons 70 13 2 2 0 0 0 87
SPT 13 0 0 0 0 0 0 13
Total 174 920 21 8 6 3 2 304
% of Plants Statewide 57% 30% 7% 3% 2% 1% 1%
% of Plants < range 57% 87% 94% 96% 98% 99% 100%

TABLE 2-2.

COLLECTIVE CAPACITY OF PLANTS BY SECONDARY TREATMENT PROCESS CATEGORY
AND MAXIMUM-MONTH RATED PLANT CAPACITY

Collective Treatment Capacity (mgd)

Plant Plant Plant Plant Plant Plant Plant

Capacity Capacity Capacity Capacity Capacity Capacity Capacity

=0t00.5 >0.5to5 >5to10 >10t020 >20to 50 >50to > 100
Process Category mgd mgd mgd mgd mgd 100 mgd mgd Total
EA 5 68 39 41 56 80 0 289
CAS 6 48 51 33 50 60 144 392
SBR 2 15 6 0 0 23
FF 1 11 44 36 92
MBR 9 0 9
HPO 0 20 60 215 295
Lagoons 10 22 16 23 0 0 0 71
SPT 1 0 0 0 0 0 0 1
Total 34 163 154 98 163 200 359 1,171
% of Statewide Capacity 3% 14% 13% 8% 14% 17% 31%
% of Capacity < range 3% 17% 30% 38% 52% 69% 100%
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SPT
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Figure 2-1. Number of Plants and Percentage of Total Statewide Treatment Capacity by Process Type
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Figure 2-2. Distribution of Municipal Wastewater Treatment Plants in Washington by Capacity Range
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2.2.1 Treatment Process Types

Extended Aeration Treatment Plants

The extended aeration plant category, which includes oxidation ditches, is the second most common
municipal wastewater treatment process in Washington (after lagoon plants), with 78 EA plants
representing 26 percent of all municipal wastewater treatment plants in the state. Collectively these plants
can treat 289 mgd, which represents about 25 percent of total statewide capacity. The rated capacity of
Washington’s EA plants ranges from 0.012 to 79.8 mgd. The average capacity is 3.7 mgd and the median
is 0.8 mgd. Most of these plants use aerobic digestion to stabilize their sludge; a few plants transport or
convey their sludge to another treatment plant or to an independent biosolids recycling facility.

Conventional Activated Sludge Treatment Plants

Conventional activated sludge is the third most common municipal wastewater treatment process in
Washington, with 62 CAS plants representing 20 percent of all municipal wastewater treatment plants in
the state. Collectively these plants can treat 392 mgd, which represents about 33 percent of total statewide
capacity. The rated capacity of Washington’s CAS plants ranges from 0.018 to 144 mgd. The average
capacity is 6.3 mgd and the median is 0.66 mgd. Most of these plants use anaerobic digestion to stabilize
their sludge; a few plants dewater and incinerate their primary and waste activated sludge.

Sequencing Batch Reactor Treatment Plants

Sequencing batch reactors are frequently used for municipal wastewater plants with capacities below
10 mgd. The 30 SBR plants in Washington represent about 10 percent of all municipal wastewater
treatment plants in the state. Collectively these plants can treat 22.5 mgd, which represents about
2 percent of total statewide capacity. The rated capacity of Washington’s SBR plants ranges from 0.005 to
6 mgd. The average capacity is 0.75 mgd and the median is 0.2 mgd.

Fixed Film Treatment Plants

Fixed film plants include trickling filters, trickling filter/solids contact, and rotating biological contactor
processes. The 20 fixed film municipal wastewater treatment plants in Washington represent 7 percent of
all municipal wastewater treatment plants in the state. Collectively these plants can treat 92 mgd, which
represents about 8§ percent of total statewide capacity. The rated capacity of Washington’s fixed film
treatment plants ranges from 0.04 to 36.3 mgd. The average capacity is 4.6 mgd and the median is
1.785 mgd.

Membrane Bioreactor Treatment Plants

Membrane bioreactors represent a relatively new wastewater treatment process. The first full-scale MBR
municipal treatment plant began operation for the Tulalip Tribes in 2003. The process has gained
popularity for small- to medium-capacity plants because it requires a significantly smaller footprint than
other technologies and produces a final effluent that often can meet Washington’s Class A reclaimed
water standard without additional treatment. Currently there are 11 Ecology-permitted MBR treatment
plants in Washington ranging in capacity from 19,000 gpd to 4.2 mgd. The average capacity is 0.85 mgd
and the median is 0.2 mgd. King County is currently constructing the Brightwater Treatment Plant; which
is reported to be designed to treat up to 36 mgd with the MBR process.

High-Purity-Oxygen Activated Sludge Treatment Plants

High-purity-oxygen activated sludge is the least common municipal wastewater treatment process in
Washington. There are only three HPO plants in Washington, about 1 percent of all municipal wastewater
treatment plants in the state. Collectively these plants can treat 295 mgd, which represents about
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25 percent of total statewide capacity. The rated capacity of Washington’s HPO plants ranges from 20 to
210 mgd. The average capacity is 98 mgd and the median is 60 mgd. Two of the plants (King County
West Point and City of Tacoma Central) stabilize their primary and waste activated sludge using
anaerobic digestion; the City of Bellingham incinerates its primary and waste activated sludge.

Lagoon Treatment Plants

Lagoons are the most common wastewater treatment plant type in Washington. The 87 lagoon plants
represent 29 percent of all municipal wastewater treatment plants in the state. Their collective capacity of
71 mgd represents 6 percent of the total statewide capacity. The rated capacity of lagoon plants in
Washington ranges from 0.005 mgd to 12.7 mgd. The average capacity is 0.8 mgd and the median is 0.15
mgd.

Septic Treatment Plants

Wastewater treatment systems based on individual domestic septic tanks are used primarily in rural areas
not served by a municipal sewer system and treatment plant. These individual on-site systems are not
evaluated in this study. There are 13 commercial on-site septic tank based treatment systems permitted by
Ecology. Seven of these facilities discharge treated effluent to ground under a State Waste Discharge
permit; the remaining six discharge to natural surface water courses. Nine of these facilities have
supplemental polishing treatment processes to improve effluent quality: seven have recirculating sand or
gravel filters and two have polishing wetlands. Collectively these facilities have a treatment capacity of
1.4 mgd, which represents only 0.1 percent of the total statewide capacity. The rated capacity of these
commercial septic treatment systems ranges from 4,000 gpd to 0.4 mgd. The average capacity is 0.11 mgd
and the median is 50,000 gpd.

2.2.2 Treatment Plant Capacity
Capacity Up to 0.5 MGD

Plants with maximum-month capacities up to 0.5 mgd account for 57 percent of all municipal wastewater
treatment plants in Washington, but their collectively treatment capacity is only about 3 percent of total
statewide capacity. All of the process categories are represented in this size class except HPO, which is
used in Washington only for plants with capacities over 20 mgd. Lagoons are the most common treatment
processes in this capacity range, accounting for 40 percent of the plants, followed by extended aeration
processes at 18 percent. CAS plants make up 17 percent of this capacity class. All commercial septic tank
systems in the state are in this capacity class, representing 7.5 percent of plants this size. MBR and FF
process plants each represent less than 4 percent of the plants in this class.

Capacity from 0.5 MGD to 5 MGD

Plants with maximum-month capacities greater than 0.5 mgd and up to 5 mgd account for 30 percent of
all municipal wastewater treatment plants in Washington. Extended aeration treatment plants account for
40 percent of the plants in this range; CAS plants account for 20 percent; lagoon plants account for
14 percent; SBR plants account for 13 percent; fixed film plants account for 8 percent; and MBR plants
account for 5 percent. Collective capacity of plants in this capacity class represents 14 percent of total
statewide capacity.

Capacity from 5 MGD to 10 MGD

Plants with maximum-month capacities greater than 5 mgd and up to 10 mgd account for 7 percent of the
plants statewide and 13 percent of the total statewide capacity. CAS is the most common treatment
process in this class, representing 33 percent of the number of plants and 33 percent of the collective

2-5





Technical and Economic Evaluation of Nitrogen and Phosphorus Removal at Municipal Wastewater Treatment Facilities...

treatment capacity. FF and EA plants are also significant in this class, providing 25 percent and
29 percent, respectively, of the collective capacity of this range of plants.

2.2.3 Nutrient Removal Quantities

Conventional secondary treatment processes generally have similar nutrient removal efficiencies.
Assuming that all existing treatment processes have equivalent nutrient removal efficiencies, then the
relative mass of nutrients discharged by a treatment plant is directly proportional to the flow of
wastewater treated. Based on the data in Tables 2-1 and 2-2, this leads to the following estimates of
nutrient removal quantities:

* 97 percent of the nutrients discharged by municipal wastewater treatment plants in
Washington is discharged by the 43 percent of plants with rated capacities greater than
0.5 mgd.

e 83 percent of the nutrients discharged by municipal wastewater treatment plants in
Washington is discharged by the 13 percent of plants with rated capacities greater than
5 mgd.

e 70 percent of the nutrients discharged by municipal wastewater treatment plants in
Washington is discharged by the 6 percent of plants with rated capacities greater than
10 mgd.

2.3 WASTEWATER FLOW AND LOAD CHARACTERISTICS

Influent wastewater characteristics influence the concentration of nitrogen and phosphorus remaining in a
treatment plant’s effluent. In the absence of significant high-strength, carbon-rich industrial wastewater,
municipal wastewater generally contains more inorganic nitrogen and phosphorus than can be removed
by conventional secondary biological treatment processes.

Influent nitrogen and phosphorus concentrations and loads are available for only a few of the wastewater
treatment plants in the Ecology database. The limited data available in the database show nutrient
concentrations and loads consistent with generally recognized typical values for untreated municipal
wastewater. Rather than establishing influent flows and pollutant loads for this study from any site-
specific wastewater treatment plant record, it was decided to use commonly reported generic values, as
summarized in Table 2-3. These values were used to calculate the concentration of nutrients and other
constituents of concern in the influent wastewater to be treated. The flows and loads are population-driven
with no specific allowance for industrial and commercial loads. Future facility-specific evaluations for
nutrient removal should adjust the values to represent actual flows and loads contributed by the facility’s
residential, commercial and industrial users.
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TABLE 2-3.

DESIGN CRITERIA FOR INFLUENT FLOWS AND LOADS
Constituent Design Criteria
Annual Average FIOW..........ccocvvevivcinnieeieennn, 100 gallons per capita per day (gpcd)
Average Wet-Weather Flow............ccooeeiininn 120 gped
Maximum-Month Wet-Weather Flow................ 160 gpcd
Average Dry-Weather Flow ..........ocooenininene. 80 gped
Maximum-Month Dry-Weather Flow ................ 110 gped
Peak-Day FIOW .....ccccovviieiiiiiieiicie e 275 gped
BODS e 0.22 pounds per capita per day (ppcd)«
LSS e 0.25 ppcd @
Total Kjeldahl Nitrogen (TKN) as N.................. 0.032 ppcd @
Organic Nitrogen as N......ccccocceeveenienienieneennne. 0.013 ppcd @
Ammonia as N....ccoooveriierienienienie e 0.019 ppcd @
Total Phosphorus as P .........cccceviiiiiiiiieiieenee, 0.0076 ppcd @
Organic Phosphorus as P........c.ccocecininininnne 0.0028 ppcd @
Inorganic Phosphorus as P.........ccccceceveiininnne 0.0048 ppcd @

a. Values are from Table 3-12 Metcalf &Eddy 2003
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CHAPTER 3.
EVALUATION APPROACH

This chapter describes the methodology used to evaluate the implementation of technology upgrades to
improve nutrient removal at existing municipal wastewater treatment plants in Washington. The
evaluation assessed the following:

»  The general feasibility of upgrading
»  The general nature and extent of process modifications that would need to be implemented

* Capital and operation and maintenance costs associated with the upgraded plants.

3.1 TREATMENT PROCESS UPGRADES EVALUATED

The evaluation covered a wide range of existing plants and potential improvements:

* Upgrades were evaluated for seven of the eight existing treatment process types described in
Chapter 2. Septic treatment plants represent only 1 percent of the total statewide treatment
capacity and were not included in the scope of work.

* For each type of existing treatment process evaluated except HPO, upgrades were assessed
for achieving each of the six nutrient removal objectives described in Chapter 2. For HPO,
the objectives that include phosphorus removal were not evaluated.

* For each existing treatment process type and each nutrient removal objective, upgrades were
evaluated for providing nutrient removal year-round or providing it only seasonally, during
the dry-weather season.

The project scope of work describes the processes to be implemented for each upgrade scenario.
Table 3-1 summarizes these processes.

3.2 BIOWIN MODELING

Biowin is a modeling program used to design and simulate treatment plants. The model can evaluate
many different treatment processes for both liquid and solid streams. Biowin models were developed to
establish the performance of each existing treatment plant technology and to evaluate upgrades for
achieving the defined nutrient removal objectives. Generic hypothetical treatment plants typical of those
in Washington were used as the basis of the analysis.

3.2.1 Modeling Assumptions
The following general assumptions were made for modeling the treatment technologies using Biowin:
» Base Case/Existing System Model:

— For each existing treatment process type, a 1-mgd hypothetical base case was generated,
based on maximum-month wet-weather flow (MMWWF) and loading conditions.

— For the base case system, tank sizes and process parameters such as hydraulic retention
time (HRT), solids retention time (SRT), etc. were established according to standards set
forth in the Department of Ecology’s Criteria for Sewage Works Design (“The Orange
Book”).
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TABLE 3-1.
TREATMENT PROCESS UPGRADES EVALUATED
TO ACHIEVE NUTRIENT-REMOVAL OBJECTIVES

Objective Objective Objective  Objective Objective Objective
A B C D E F
Definition of Objective
Effluent TIN <8 mg/L <3 mg/L — — <8 mg/L <3 mg/L
Effluent TP — — <lmg/L <0.1 mg/L <1mg/L <0.1 mg/L

Treatment Processes to Achieve Objective

Existing Extended Aeration Plant
Year-Round MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F
Seasonal MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F

Existing Conventional Activated Sludge Plant
Year-Round MLE+MBR 4BDP+MBR+M C C+F MLE+MBR+C 4BDP+MBR+M+C
Seasonal MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F

Existing Sequencing Batch Reactor Plant
Year-Round SBR SBR+DNF+M  SBR+C SBR+C+F SBR+C SBR+DNF+C+F+M
Seasonal SBR SBR+DNF+M  SBR+C SBR+C+F SBR+C SBR+DNF+C+F+M

Existing Trickling Filter, Trickling Filter/Solids Contact, or Rotating Biological Contactor Plant
Year-Round MLE+MBR 4BDP+MBR+M C C+F MLE+MBR+C 4BDP+MBR+M+C
Seasonal MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F

Existing Membrane Bioreactor Plant
Year-Round oC M C C C C+M
Seasonal oC M C C C C+M

Existing High-Purity Oxygen Activated Sludge Plant
Year-Round MLE+MBR  4BDP+MBR — — — —
Seasonal MLE 4BDP+M — — — —

Existing Aerated Lagoon or Facultative Lagoon Plant
Year-Round MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F
Seasonal MLE 4BDP+M C C+F MLE+C 4BDP+M+C+F

4BDP = Four-stage Bardenpho system for denitrification

C = Chemical addition: alum for phosphorous removal, magnesium hydroxide for pH control
DNF = Denitrification filters

F = Tertiary filters for phosphorus removal

M = Methanol addition for denitrification

MBR = Membrane bioreactors for denitrification

MLE = Modified Ludzack Ettinger process for denitrification

OC = Operational changes only

SBR = Sequencing batch reactor (capacity increased for denitrification)
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— Clarifiers for existing treatment processes were sized based on peak-day flows using
overflow rates defined in the Orange Book:
o Fixed Film Systems: 1,200 gallons per day per square foot (gpd/ft2)
o Complete Mix Activated System: 1200 gpd/ft2
o Extended Aeration System: 500 gpd/ft2

—  Existing plant O&M requirements were calculated at average wet-weather flow (AWWF)
for six months at 10°C and average dry-weather flow (ADWF) for six months at 15°C.

*  Year-Round Model Assumptions:

— Capital Facilities (tanks and equipment sizing):

o 1-mgd models were developed for the upgrades required to achieve each nutrient
removal treatment objective for each treatment process type.

0o Process parameters for capital facilities such as tanks and aeration blowers were
designed using MMWWF and loadings.

—  O&M Assumptions:

0 O&M requirements such as aeration energy and chemical usage were calculated at
AWWF for 6 months at 10°C and ADWF for 6 months at 15°C using capital facilities
designed for MMWWF.

*  Secasonal Model Assumptions:
— Capital Facilities (tanks and equipment sizing):

o I-mgd models were developed for the upgrades required to achieve each nutrient
removal treatment objective for each treatment process type.

o Process parameters for capital facilities such as tanks and aeration blowers were
designed to reliably achieve the nutrient removal objectives at maximum-month dry-
weather flow (MMDWF) and to provide not less than the existing level of treatment
during the MMWWF.

—  O&M Assumptions:

o O&M requirements such as aeration energy and chemical usage were calculated at
ADWEF for 6 months at 15°C using capital facilities designed at MMDWFEF.

3.2.2 Modeling Design Criteria

Table 3-2 shows design criteria flows and loads for the hypothetical 1-mgd MMWWF model. Values
were calculated as follows:

*  Flows other than MMWWEF for the hypothetical model were calculated by applying flow
ratios from Table 2-3 to the MMWWF value of 1 mgd. For example, Table 2-3 gives per
capita flows of 275 gpcd for peak-day flow (PDF) and 160 gpcd for MMWWE, so the ratio of
PDF to MMWWEF is 1.72. The PDF for the hypothetical model, therefore, is 1.72 times 1
mgd, or 1.72 mgd.

*  pH was assumed to be slightly less than neutral for wet weather conditions, at 6.8, and neutral
for dry weather, at 7.0.

* Based on the per capita MMWWF of 160 gpcd from Table 2-3, the population to generate the
hypothetical MMWWF of 1 mgd is 6,250. This population was used with the per capita
loading rates in Table 2-3 to calculate loading rates for the hypothetical model for nitrogen,
phosphorus, BODj5 and TSS.
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DESIGN CRITERIA FLOWS AND LO-I-API‘DBIFI\I-(EE-é3 IEOR 1-MGD HYPOTHETICAL MODEL
Max Month Average Max Average

Annual Wet Wet  Month Dry  Dry Peak

Average  Weather Weather Weather Weather Day
Flow (mgd) 0.63 1.00 0.75 0.69 0.50 1.72
pH (units) 7.0 6.8 6.8 7.0 7.0 7.0

Loading Rate
(Ibs/day) Concentration (mg/L)

BODs 1,376 265 165 221 241 331 96
TSS 1,564 301 188 251 273 376 109
VSSa 1,095 210 132 175 191 263 77
TKN as N 200 38.5 24.1 32.1 35.0 48.1 14.0
Organic Nitrogen as N 81 15.6 9.8 13.0 14.2 19.5 5.7
Ammonia as N 119 22.9 14.3 19.1 20.8 28.6 8.3
Total Phosphorus as P 48 9.1 5.7 7.6 8.3 11.4 33
Organic Phosphorus as P 18 34 2.1 2.8 3.1 4.2 1.2
Inorganic Phosphorus as P 30 5.8 3.6 4.8 52 7.2 2.1
Alkalinity 835 161 100 134 146 200 58.4
Calcium 63 12.0 7.5 10.0 10.9 15.0 4.4
Magnesium 25 4.8 3.0 4.0 4.4 6.0 1.8
a. VSS = volatile suspended solids (assumed to equal 0.7 * TSS)

*  Concentrations are calculated by dividing the mass loading by the flow rate, with multipliers
to convert to correct units.

* Influent alkalinity during average dry weather conditions was assumed to be 200 mg/L,
representing medium-strength wastewater. Concentrations for other flows were calculated
using flow ratios from Table 2-3.

e Calcium was assumed to be 15 mg/L during average dry weather conditions. Concentrations
for other flows were calculated using flow ratios from Table 2-3.

* Magnesium was assumed to be 6 mg/L during average dry weather conditions.
Concentrations for other flows were calculated using flow ratios from Table 2-3.

3.3 COST EVALUATION
3.3.1 Treatment Plant Capacities Evaluated

Cost curves were developed for capital and O&M costs associated with the evaluated improvements. The
curves were based on estimates for three plant capacities for each existing treatment process type, as
shown in Table 3-3. The plant capacities chosen cover the full range of existing plants for each existing
treatment process type. Sizing tables for different plant capacities were developed using process modeling
results for each treatment plant upgrade.
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TABLE 3-3.
MAXIMUM-MONTH TREATMENT PLANT CAP:C:I,’TIES EVALUATED FOR COST CURVES
Number of Maximum-Month Plant Capacity (mgd)
Existing Treatment Process Type Capacities Evaluated Low Mid High |
Extended Aeration 3 1 10 100
Sequencing Batch Reactor 3 0.5 2 10
Conventional Activated Sludge 3 1.0 10 150
Fixed Film 3 1.0 10 150
Membrane Bioreactor 3 1.0 10 100
High-Purity-Oxygen Activated Sludge 2 20 NA 220
Lagoons 3 0.5 5.0 50

3.3.2 Unit Costs and Rates

Biowin models were developed for each base case system and upgrade system to confirm size and
capacity of major process elements required to achieve the treatment objectives. CapdetWorks 2.5
software was then used to develop capital and O&M cost estimates, with cost indices updated to January
2010 values. Costs for processes that are not part of the CapdetWorks library, such as MBRs, were
developed using data from recent facilities constructed in Washington and from system vendors. Unit cost
and rates used for the cost models are shown in Table 3-4.

3.3.3 Assumptions and Methods

Capital cost estimates assumed that all technology improvements were necessary to achieve the selected
nutrient removal objective. Capital cost estimates assumed maximum-month flow and maximum-month
load conditions, including internal recycle from any solids processing systems. Cost curves, cost model
equations, and a goodness of fit indicators (i.e. correlation coefficient) were developed using the “power” curve
fitting function in Microsoft Excel 2007. The accuracy of the estimated costs is in the range of -50 percent
to +100 percent, consistent with a Class 5 Planning Estimate as defined by the Association for the
Advancement of Cost Engineering.

Capital and O&M costs were determined by estimating first the current constructed value of existing
process facilities and then the constructed value of process facilities after implementation of the necessary
process upgrades. The incremental capital cost was the difference between the capital cost of the retained
portion of the existing secondary treatment process and the cost to construct a complete new secondary
treatment process that would achieve the nutrient removal objective. Cost estimates included the
following:

* An additional 12 percent of the construction cost calculated by CapdetWorks was added to
both the existing and the upgraded plants to account for the cost for construction of
instrumentation and control systems.

* An allowance of 7 percent of the resultant cost for the upgrade was added to account for
general site, structural, and electrical modifications.

*  When an existing unit needs to be demolished, a 10 percent cost of that unit will be added as
the demolition cost.
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TABLE 3-4.

UNIT COSTS AND RATES
Unit Costs
Building Cost .....cvovvveviieriieieeieeceeveenee $150/1t2
EXCavation..........ccoevevevivveeeieieeeeeevenn $8/cubic yard
Wall Concrete........oueeereeneeeeieienieeeeeeeenies $800/ cubic yard
Slab Concrete ........oevvveevieeieieeieeieeeeeeeenne $500/ cubic yard
Crane Rental .........ccocoovveveiviiieieiieeeenn $200/hour
Canopy ROOT .....c.ooveeiieiieiiiecieeeen $16/ft2
EleCtriCity .ovvevvereieeiieeeieieee e $0.1/kW-hour
Hand Rail ....c.cooiiviieieicieeeceee $75/foot
Land CoStS...cvevvereeriieieieieieeeeieieee e $0/acre
Labor Rates
Construction Labor Rate ...........cceceeenrnen. $45/hour
Operator Labor Rate...........cccceeveviiriniennnns $70/hour
Administration Labor Rate........................ $35/hour
Laboratory Labor Rate ............c.ccocevenee.e. $45/hour

Chemical Costs (all costs are per mass of the dry form)

AL»>(SO4)3*14 HyO as 42.8% ...ccovevvnnee $0.06/1b

Magnesium hydroxide..........ccecvrvrveieernnnne. $0.21/1b

Methanol ........ccccceevveviienieeieieeceeeeeen $3/gallon

POLYMET ...oviieiieiiicicceeeeee s $4/1b

Citric Acid .......ooooiii $3/gallon

Sodium Hypochlorite......................... $0.80/gallon
Financial

Interest Rate .......cccceevveiiiiiiiiiciecee, 3%

Construction Period..........ccccceveeeienniennnn. 3 years

Construction loan period..........ccccceevueennenne. 20 years

Operating Life of Plant.............ccoceeeinen. 40 years

Other Costs

Engineering Design Fee ..........cocecvevenien. 15%

Miscellaneous. ......cceevveerieerieecieeieeieeie e 15%
Administration/Legal ...........cccceevvrvrrnnnnnen. 2%

INSPECHION ..o 8%

CONLNZENCY ..veevveeiieeniieieeieeie e 30%
Technical.......ccoveeiieeiieiieecece e, 7%

Profit and Overhead ..........cccoocveviiiieiinnnen. 15%

Cost Indices

Marshall and Swift IndeX .........cccccveeirennenn. 1448.3 (January 2010)
Engineering News Records Cost Index...... 8660.1 (January 2010)
Pipe Cost IndexX .......cecveeevenirieieeeeeee 794.5 (January 2010)
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* The capital and O&M costs for chemical storage and feed systems for alum and methanol
were determined using CapdetWorks based on the dosage requirements shown in the sizing
tables.

*  CapdetWorks does not provide costs for magnesium hydroxide storage and feed systems, so
an equivalent capacity hydrated lime dosing system was used to represent the costs of
magnesium hydroxide storage and feed.

e The annual cost of alum, magnesium hydroxide and methanol were determined based on
calculated annual usage and the unit prices shown in Table 3-4.

The CapdetWorks model does not currently provide costing information for MBR treatment systems.
Costs for MBR equipment were interpolated from vendor information provided by Enviroquip, and
Zenon for 1, 10 and, 135 mgd. MBR processes require fine screening of the influent to reduce physical
damage to the membranes. A 1.5-mm to 2.5-mm fine screening process is included in the cost estimates
for upgrades involving MBR technology. The cost related to the MBR tankage and aeration system was
estimated using CapdetWorks model.

3.3.4 Use of Cost Modeling Results

Capital, incremental O&M and 20-year life cycle costs associated with upgrades for each nutrient
removal objective are presented in Chapters 12 through 17. The results from this type of analysis are
likely to vary significantly from real costs of upgrading a particular treatment plant facility, depending on
the facility’s specific conditions. The cost models could be applied to all municipal wastewater treatment
plants within a specific watershed to develop a preliminary estimate of costs associated with addressing
regional nutrient-related water quality concerns.

Cost budgets for implementing nutrient removal at any specific facility should be based on a site-specific
engineering report so that concerns, needs and constraints specific to the site, community and facility can
be thoroughly addressed. Site-specific factors such as wastewater characteristics, site constraints,
geotechnical conditions, and the condition and layout of the existing facility can have a dramatic impact
on the ultimate cost of a treatment plant upgrade project.
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CHAPTER 4.
TECHNOLOGICAL EVALUATION
FOR EXTENDED AERATION PLANTS

4.1 BASE CASE/EXISTING SYSTEM

Two base case Biowin models were developed to represent existing extended aeration activated (EA)
sludge plants: one with a complete-mixed aeration tank with diffused aeration (DA) and the other an
oxidation ditch with mechanical aeration (MA). Figure 4-1 shows the process flow schematic for the
liquid and solids treatment for a hypothetical DA extended aeration plant with a design MMWWF
capacity of 1.0 mgd. The process flow schematic for an MA plant would be similar, with the aeration tank
replaced by an oxidation ditch. Design data for both plants is presented in Table 4-1.
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Figure 4-1. Process Flow Schematic of an Extended Aeration Treatment Plant with Aeration Tank

The DA and MA extended aeration models produced similar effluent quality: BOD5 concentration of less
than 30 mg/L, TSS concentration of less than 30 mg/L and a total ammonia-nitrogen concentration of less
than 2 mg/L. It was assumed that these existing plants are currently operated to remove ammonia by the
nitrification process but not to denitrify to any significant extent. The modeled secondary clarifiers were
sized for peak-day flow conditions, with an overflow rate of 500 gallons per day per square foot (gpd/ft2),
which is consistent with the recommendations in the 1998 Washington State Orange Book. For modeling
purposes, it was assumed that the plant thickens its waste activated sludge prior to digestion, stabilizes the
sludge using aerobic digestion, and mechanically dewaters the digested sludge.
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TABLE 4-1

BASE CASE/EXISTING SYSTEM FOR EXTENDED AERATION PLANT
Description Mechanical Aeration (MA) Diffused Aeration (DA)
MMWWF (mgd) 1.0 1.0
Temperature (°C) 10 10
Oxidation Ditch/Aeration Tank
Tank Volume (million gallons (MG)) 1.00 1.00
HRT (hrs) 24 24
Mixed Liquor Suspended Solids (mg/L) 2,809 2,807
DO Concentration (mg/L) 2 2
Ditch Power Uptake (HP ) 80
Aeration Tank Airflow rate (cubic feet/minute) 904
Biowin SRT (days) 18.01 18.01
RAS Recycle Rate 0.5Q 0.5Q
Clarifier
Area (SF) 3,500 3,500
Surface Overflow Rate (gal/ft2) 286 286
Aerobic Digester
Solids % from Clarifier 0.8% 0.8%
Solids % from Thickener 5.0% 5.0%
Combined Solids % to Aerobic Digester 3.5% 3.5%
VSS loading to Digester (pounds/day) 730 730
TSS loading to Digester (pounds/day) 1,301 1,301
Volume (MG) 0.25 0.25
Digester Sludge Age (days) 56.33 56.33
Sludge Production
Dry Sludge Production (pounds/day) 923 923
Effluent
BOD (mg/L) 1.85 1.85
TSS (mg/L) 4.5 4.5
Total Phosphorous (mg/L) 4.27 4.27
Ammonia N (mg/L) 0.63 0.61
TIN (mg/L) 15.97 16.05
pH 6.53 6.58

4.2 YEAR-ROUND NUTRIENT REMOVAL

Improvements required to provide year-round nutrient removal to achieve each treatment objective are
described below. It was assumed that existing plants with mechanical aeration would be upgraded to
diffused aeration in order to meet the all the nutrient removal objectives except those involving only
phosphorus removal (Objectives C and D). Process design data for all objectives are included in
Table 4-2, which is attached at the end of this chapter.
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4.2.1 Objective A

Process Description

The upgrade evaluated for achieving Objective A (TIN <8 mg/L) for an extended aeration plant is to
convert the existing system to a Modified Ludzack-Ettinger (MLE) activated sludge process, retaining the
existing clarifiers. The MLE process is a continuous-flow suspended-growth process with an anoxic zone
followed by an aeration zone and a clarifier. Denitrification is achieved by recycling nitrate produced by
the aeration zone back to the upstream anoxic zone, as shown in Figure 4-2.

1

Influant Arvavic Tank Asration Tank . Effluent
. " T ——| Clarifier ¢

Mitnfied recycle —

RAS pump

Figure 4-2. Modified Ludzack-Ettinger Process Flow Schematic

Influent wastewater, return sludge from the clarifier and nitrate-rich mixed liquor recycled from the
aeration tank are mixed in the anoxic zone. When the dissolved oxygen concentration is near zero, some
facultative heterotrophic bacteria can draw oxygen from nitrate in order to use the organic carbon in raw
wastewater as an energy source and a carbon source for growth. The influent wastewater provides the
carbon source and the return activated sludge (RAS) from the clarifier provides microorganisms.

The upgraded capital facilities were sized with capacity for the MMWWF. The upgrade includes
partitioning the existing 1.0-million-gallon (MG) aeration tank into two compartments: a 0.3-MG anoxic
compartment and a 0.7-MG aeration compartment. New internal recycle pumps would be required for
pumping nitrate-rich mixed liquor from the aeration compartment to the anoxic compartment. The
internal recycle ratio would be 6 times the influent flow (6Q). New mixers would be installed in the
anoxic tank to mix the contents of the tank and to prevent sedimentation of solids. Figure 4-3 shows the
upgraded process flow schematic. Table 4-2 summarizes the process design data. Detailed reports of the
Biowin model are contained in Appendix A.

Recycled Loads

Process side streams generated by the thickening of the waste activated sludge prior to digestion and the
dewatering of the aerobically digested sludge would be returned and blended with the influent
wastewater. The percentage of total nitrogen (TN) and total phosphorus (TP) contained in these recycle
streams relative to the mass contained in raw influent wastewater was calculated using Biowin model
outputs. The results indicate that approximately 18 percent of the total nitrogen entering the existing plant
is recycled. Upgrading the plant to achieve Objective A reduces the mass of total nitrogen recycled by
approximately 2 percent on an annual basis. Although phosphorus removal is not part of Objective A, the
upgrade will increase the amount of phosphorus recycled in the plant from about 23 percent to 50 percent
on an annual basis. Table 4-3 summarizes the nitrogen and phosphorus recycle loads for the existing plant
and the upgraded plant.

4-3





Technical and Economic Evaluation of Nitrogen and Phosphorus Removal at Municipal Wastewater Treatment Facilities...

MaioH)2

[l:'._ Ancuic Aarobaz secondary Clornter  Chluant
4 — —— |...=||=,_._ @_‘_o;:‘
InMimzm ==z

I hndaerer

Crcess Sludge  MalQl2

‘ : Ligaster ERluent
Accralic Miqeater 9

Dowerliermog mrnl

) " Bluddyy
- Y

Figure 4-3. Process Schematic of Extended Aeration Plant Upgraded for Objective A Year-Round

TABLE 4-3.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE A YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 18.0% 17.9% 23.9% 23.3%
Objective A Year-Round 16.3% 15.5% 48.7% 64.1%

Sludge Production

From Table 4-2, average sludge produced per day (the average of the AWWF and ADWF sludge
production) is 949 pounds per day (ppd) (0.7 pound per pound of BOD5 applied) for the existing system
and 939 ppd for Objective A year-round. This reduction in sludge production associated with achieving
Objective A is not significant; there should be no significant change in the overall mass of sludge
produced.

Energy Consumption

For year-round flows, energy usage costs were determined based on annual average conditions, calculated
as the average of AWWF and ADWF energy usage. As a result of implementing the MLE denitrification
process, the average air flow rate to meet Objective A is approximately 20 percent less than the rate
required for the existing DA system (see Table 4-2). However, the increased energy demand for mixing
and pumping the internal mixed liquor to the anoxic compartment exceeds the energy savings associated
with the reduction in process air demand.

MA Plant

Upgrading the MA plant to achieve Objective A year-round would increase the plant energy requirements
by 11,500 kW-hours/year, or about 1 percent, as shown in Table 4-4. There would be no increase in the
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energy requirements for solids processes. The annual energy consumption for the upgraded plant would
increase by about 50 kW-hours per million gallons of influent wastewater treated.

TABLE 4-4.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

Yearly Energy Required
Existing MA Plant .........coceeeveveninnnnene 998,500 kW-hours/year
Objective A Year-Round...........c.ce..e..e. 1,010,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cocceeevrvierviriennens 11,500 kW-hours/year
Percent ......ccooeeviiiiiiin 1.2%

Increase per Volume of Plant Flow ....... 50 kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective A year-round would increase
the plant energy requirements by 159,500 kW-hours/year, or about 19 percent, as shown in Table 4-5.
There would be no increase in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 700 kW-hours per million gallons of influent
wastewater treated.

TABLE 4-5.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

Yearly Energy Required
Existing DA Plant.......ccoceveveveiinennne 850,500 kW-hours/year
Objective A Year-Round...........c........... 1,010,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........cccoeeeeeiineiiniiennene 159,500 kW-hours/year
Percent .....oooveeeeiiiiie 19%

Increase per Volume of Plant Flow ....... 699 kW-hours/MG

Chemical Consumption

For year-round flows, chemical usage costs were determined based on annual average conditions,
calculated as the average of AWWF and ADWF chemical usage.

Upgrades to achieve Objective A would require the use of chemicals only for alkalinity control. EA plants
require alkalinity supplementation to maintain the pH of the effluent at or above 6.5. Diffused aeration
systems are less efficient than mechanical aeration systems in stripping surplus carbon dioxide from the
wastewater, so they generally require more alkalinity supplementation.

Upgrades for Objective A would reduce the need to supplement alkalinity that is consumed by
nitrification (7.14 pounds of alkalinity as CaCO3 consumed per pound of ammonia-nitrogen converted to

nitrate). Complete denitrification of nitrate to nitrogen gas generates alkalinity that can offset up to
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50 percent of the alkalinity consumed by nitrification (3.57 pounds of alkalinity as CaCOj3 recovered per
pound of nitrate-nitrogen converted to nitrogen gas).

For an MA plant upgraded to achieve Objective A year-round, the annual quantity of magnesium
hydroxide required to control alkalinity would be reduced about 50 percent, from 7,300 gallons to
3,650 gallons. This is a reduction of about 16 gallons of magnesium hydroxide per million gallons of
plant influent flow.

For a DA plant upgraded to achieve Objective A year-round, the annual quantity of magnesium hydroxide
required to control alkalinity would be reduced about 89 percent, from 33,000 gallons to 3,650 gallons.
This is a reduction of about 128 gallons of magnesium hydroxide per million gallons of plant influent
flow.

Footprint Requirements
Footprint requirements were calculated using the CapdetWorks costing model:

* No additional tanks are required to upgrade the existing DA system to achieve Objective A as
the existing aeration tank would be partitioned into anoxic and aeration tanks. Since the
amount of air required for Objective A is less than for the existing system, no additional
blowers would be required. No new pump building would be required for the internal recycle
pumps as they would be installed in the existing aeration tank.

*  Upgrading an MA plant to achieve Objective A would require conversion to a DA plant. New
blower buildings would be constructed to supply air to the new diffused aeration system. The
existing ditch rotors would be removed and replaced with fine bubble diffusers. Based on
CapdetWorks, for a 1.0-mgd plant, the required site area for the new blower building would
be approximately 0.3 acres.

Table 4-6 compares the additional site area requirements, or footprint area, for upgrading existing MA
and DA plants to achieve Objective A for the three generic plant capacities. Refer to Appendix C for a
detailed footprint summary of the existing and upgraded systems. The existing secondary footprint
includes existing aeration tanks or oxidation ditches and secondary clarifiers.

TABLE 4-6.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING
EXTENDED AERATION PLANTS TO ACHIEVE OBJECTIVE A

Additional Area Additional Area
Plant Design Capacity = Required for MA Plants Required for DA Plants
(mgd) (square feet) (square feet)
1 1,050 250
10 1,800 300
100 3,300 600
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4.2.2 Objective B
Process Description

The upgrade evaluated for achieving Objective B (TIN <3 mg/L) is to convert the existing system into a
four-stage Bardenpho activated sludge process. The Bardenpho system consists of a first anoxic tank (pre-
anoxic tank), a first aeration tank, a second anoxic tank (post-anoxic tank) and a second aeration tank, as
shown in Figure 4-4.

Methanol

Mitrified recycle [
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i Tank Tank Tank per
|
L
RAS pump

Figure 4-4 Four-Stage Bardenpho Process Flow Schematic

Wastewater enters into the pre-anoxic tank, where nitrate from the first aeration tank and the RAS from
the secondary clarifier are recycled. Using carbon present in the raw wastewater, denitrification takes
place in this tank by reduction of nitrate, with subsequent release of nitrogen gas. Ammonia in the raw
wastewater passes through the pre-anoxic tank and is nitrified in the first aeration tank. A portion of the
nitrate produced is recycled to the pre-anoxic tank and the rest of the flow passes to the second anoxic
tank. Methanol is added as an additional carbon source in this zone to drive the denitrification process.
The second aeration tank aids in stripping the nitrogen gas produced by denitrification in the second
anoxic tank and provides a dissolved oxygen residual that improves sludge settleability.

The upgrade to achieve Objective B would consist of partitioning the existing 1.0-MG aeration tank to
create a 0.2-MG pre-anoxic tank, a 0.5-MG first aeration tank, a 0.2-MG post-anoxic tank, and a 0.1-MG
second aeration tank. Mechanical mixers would be provided in both the pre- and post-anoxic tanks to
maintain the mixed liquor in suspension and to prevent dead zones and hydraulic short-circuiting.
Methanol storage and dosing systems would be added to provide the needed carbon substrate to drive the
denitrification process in the post-anoxic tank. Magnesium hydroxide storage and dosing systems would
need to be added to keep the pH of the effluent at or above 6.5. Figure 4-5 shows the upgraded process
flow schematic. Table 4-2 summarizes the process design data. Detailed Biowin model reports are in
Appendix A.

In the absence of competitive reactions for methanol, the theoretical quantity of methanol required for
denitrification is 1.91 pounds of methanol per pound of nitrate-nitrogen converted to nitrogen gas.
Because there will be some aerobic biologically mediated oxidation of methanol, an empirical dose of 3.0
pounds of methanol per pound of nitrate-nitrogen converted to nitrogen gas was used for the second
anoxic tank. Table 4-7 summarizes the methanol dosage requirements for different flow conditions. To
minimize site footprint impacts, a minimum storage capacity of 14 days at the maximum use rate was
modeled.
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Figure 4-5. Process Schematic of Extended Aeration Plant Upgraded for Objective B Year-Round

TABLE 4-7.
METHANOL DOSAGE CALCULATION

TIN Methanol Dosage Methanol Density of Methanol
Flow rate TIN removed removed (lbsperlbof TIN  Dosage  Methanol dosage

(mgd) (mg/L) (ppd) removed) (ppd) (Ibs/gal) (gal/day)
MMWWF 1 5 41.7 3 125.1 6.6 19.0
ADWF 0.5 5 20.9 3 62.6 6.6 9.5
AWWF 0.75 5 31.3 3 93.8 6.6 14.2
MMDWF 0.69 5 28.8 3 86.3 6.6 13.1

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. The nutrient recycle loads for Objective B are presented in Table
4-8 and are similar those observed for Objective A.

TABLE 4-8.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE B YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 18.0% 17.9% 23.9% 23.3%
Objective B Year-Round 17.2% 15.9% 55.7% 61.7%
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Sludge Production

From Table 4-2, average sludge produced per day for Objective B year-round is 951 ppd, which is
0.2 percent greater than for the existing plant and 1.2 percent greater than for Objective A. This increase
in sludge production is the result of amending the carbon content of the wastewater with methanol to
drive the denitrification process. It amounts to 0.37 tons of dry solids per year (0.0016 tons per million
gallons of wastewater treated) more than the existing plant and 2.2 tons of sludge per year (0.0096 tons
per million gallons of wastewater treated) more than Objective A year-round.

Energy Consumption

The average annual process air required for the upgrades to achieve Objective B year-round is 803 cubic
feet per minute (cfm), which is 16 percent less than the existing system (961 cfm). As with Objective A,
the overall energy required to achieve Objective B year-round exceeds the existing energy requirements
for both MA and DA plants.

MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective B year-round would increase
the plant energy requirements by 294,000 kW-hours/year, or about 29 percent, as shown in Table 4-9.
There would be no increase in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 1,289 kW-hours per million gallons of
influent wastewater treated.

TABLE 4-9.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

Yearly Energy Required
Existing MA Plant.......cccccceeeveveiinennnns 998,500 kW-hours/year
Objective B Year-Round ....................... 1,292,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeveeeiieciineiennenns 294,000 kW-hours/year
Percent ..o 29%

Increase per Volume of Plant Flow ....... 1,289 kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective B year-round would increase
the plant energy requirements by 442,000 kW-hours/year, or about 52 percent, as shown in Table 4-10.
There would be no increase in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 1,938 kW-hours per million gallons of
influent wastewater treated.
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TABLE 4-10.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

Yearly Energy Required
Existing DA Plant.......ccoceveveveiiniinnene 850,500 kW-hours/year
Objective B Year-Round ............coc........ 1,292,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiniiennnnns 442,000 kW-hours/year
Percent .....oooveeeeiiiiiiie, 52%

Increase per Volume of Plant Flow ....... 1,938 kW-hours/MG

Chemical Usage

Upgrades to achieve Objective B year-round would require methanol for carbon supplementation and
magnesium hydroxide for pH and alkalinity control. The methanol requirement would be approximately
6,400 gallons of methanol per year, or 28 gallons of methanol per million gallons of wastewater treated.
Requirements for magnesium hydroxide would be the same as described for Objective A.

Footprint Requirements

No additional tanks are required to convert an existing EA plant to achieve Objective B year-round, but
the upgrade would require partitioning of existing aeration tanks. Since the amount of air required for
Objective B is less than for the existing system, no additional blowers are required.

An existing MA plant would have to be converted to a DA plant. A new blower building with blowers
and process air piping and air diffusion system would need to be installed in the aerobic compartment of
the existing aeration tank. The existing ditch rotors would be removed and replaced with fine bubble
diffusers.

Table 4-11 compares the additional footprint area required for implementation of Objective B year-round
for the three plant capacities. For existing MA plants, additional area is required for the new blower
building and the methanol storage and dosing system. For DA plants, additional area is only required for
the methanol storage and dosing systems. Refer to Appendix C for a detail summary of the area
requirement or existing and upgraded treatment systems. The percent changes in footprint are similar to
those for Objective A system as no additional tanks are needed for Objective B.

TABLE 4-11.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING
EXTENDED AERATION PLANTS TO ACHIEVE OBJECTIVE B

Additional Area Additional Area
Plant Design Capacity ~ Required for MA Plants Required for DA Plants
[ (mgd) (square feet) (square feet)
1 1,400 600
10 2,500 1,000
100 6,000 3,300
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4.2.3 Objective C

Process Description

Chemical phosphorus removal is achieved by adding chemicals such as alum, poly-aluminum chloride, or
ferric chloride to the wastewater at a well-mixed location, followed by flocculation and solids removal.
The effluent phosphorus concentration is determined by the dose and other chemical reactions. An
effluent of 0.5 to 1 mg/L can typically be achieved without constructing post-secondary treatment
facilities such as tertiary clarifiers or filters. The upgrade evaluated to achieve Objective C (TP <1 mg/L)
consists of adding alum to precipitate phosphorus removal and magnesium hydroxide for pH control.
Figure 4-6 represents the process flow schematic for Objective C. Table 4-2 summarizes the process
design data. Detailed Biowin model reports are in Appendix A.
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Figure 4-6. Process Schematic of Extended Aeration Plant Upgraded for Objective C Year-Round

Phosphorus is generally present in wastewater as organic and inorganic phosphates. Organic phosphate is
bound to plant or animal tissues and is formed primarily by biological process. Inorganic phosphate is not
associated with organic material and includes orthophosphate and polyphosphates. Orthophosphate
(PO4-3) is also referred to as “reactive phosphorus” and is the most stable form of phosphate.
Polyphosphates, also known as metaphosphates or condensed phosphates, are strong complexing agents
for some metal ions. In wastewater, polyphosphates are unstable and eventually are converted to
orthophosphate.

Metal salts frequently used for phosphorus removal include aluminum (AI(IIl)), ferric (Fe(IIl)) and
calcium (Ca(II)). These metal salts can be added in existing treatment plants before a primary clarifier or
other solids separation device. Use of these metal salts frequently increases the total dissolved solids
content of the final effluent and the salinity of the sludge. Precipitation of phosphorus upstream or in
conjunction with the biological treatment process can cause phosphorus to become a growth-limiting
nutrient for the biological treatment process if the weight ratio of BODs5 to phosphate-phosphorus exceeds
100 for SRTs less than 6 days and about 250 for SRTs greater than 12 days.

Aluminum present in alum can combine with phosphate ions to form aluminum phosphate. The reaction
of alum with orthophosphate can be written as follows:

Aly(SO4)3.14H,0 + 2PO43 > 2A1PO, + 35042 + 14H,0
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This reaction indicates that 1 1b-mole of alum (594 pounds) will react with 2 lb-moles (190 pounds) of
2P04-3 containing 62 pounds of phosphorus to form 2 Ib-moles (244 pounds) of AIPOy4. The weight ratio
of alum to phosphorus is therefore 9.58:1. Empirical results at several plants indicate that higher than
stoichiometric quantities of alum are necessary to reduce phosphorus concentration below 1 mg/L. The
ratios of alum (9.1-percent aluminum) to phosphorous listed in Table 4-12 were considered to be
representative of chemical removal of phosphorus from municipal wastewater by alum addition (EPA
1976).

TABLE 4-12.
ALUM TO PHOSPHORUS RATIO FOR PHOSPHORUS REDUCTION

Mole Ratios (Aluminum to  Alum-to-Phosphorus Weight

Required P Reduction Phosphorus) Ratio
75% 1.38:1 13:1
85% 1.72:1 16:1
95% 231:1 22:1

These ratios were used to determine the required alum dosage based on the initial phosphate-phosphorus
concentration of the wastewater. For example, to achieve 85-percent phosphorus removal from
wastewater containing 11 mg/L of influent phosphorus, the alum dosage needed would be

11 * [Alum : P wt ratio (16:1 @ 85%) ] = 176 mg/L or 1,470 Ib/MG

Alum dosage required in gallons per day was calculated for all wet and dry weather flow conditions based
on the concentration of soluble phosphate present in each reactor (i.e., aeration basin compartment) as
determined from the Biowin model. Phosphorus reduction rates at different flow conditions were
calculated using the aeration tank soluble phosphate as the influent value and a total phosphorus objective
(1 mg/L) as the effluent value. The reduction rates ranged from 75 to 85 percent. In order to simplify the
calculations, the following mole ratios were used:

* A mole ratio of 1.5 for 75 to 85 percent removal
* A mole ratio of 2.0 for 85 to 95 percent removal

* A mole ratio of 2.3 for >95 percent removal
Table 4-13 summarizes alum dosages at wet and dry weather flow conditions.

The calculated alum dosages were used in Biowin to determine the final effluent TP concentration. In
most cases, the effluent TP concentration calculated by Biowin was less than 1 mg/L. Since the Al: P
mole ratios were approximated, the Biowin dosages for some model runs varied slightly from the
calculated dosages. Table 4-2 summarizes the alum dosage numbers used in the Biowin model at different
flow conditions.

Addition of alum to wastewater lowers the pH of the wastewater due to neutralization of alkalinity and
release of carbon dioxide. Dissolved aluminum in excess of the amount required to precipitate phosphorus
is generally precipitated concurrently with aluminum hydroxide. The extent of pH reduction will depend
on the initial alkalinity of the wastewater. The higher the alkalinity, the less is the reduction in pH for a
given alum dosage. For this study, it is assumed that magnesium hydroxide would be used for
supplemental alkalinity if needed to maintain the pH of the wastewater at or above.
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TABLE 4-13.
REQUIRED ALUM DOSAGE FOR OBJECTIVE C PHOSPHORUS REDUCTION
Soluble Final Alum Dosage Required
PO4 .1n Effluent Removal Mole In mg/L In ppd In gpd
Aeration Phosphorus ~ Rate Ratio (F=b*d*e*0.58) (z=a* f*8.34) (= g/(11.14%0.48))
Flow rate (a) Tank () (©) (d)=((b-c)/b) (e)
ADWEF (0.5 mgd) 8.46 mg/L 1 mg/L 88.18% 2 1429 mg/L 596 ppd 111.0 gpd

AWWEF (0.75 mgd) 5.64 mg/L 1 mg/L 82.27% 1.5 66.7 mg/L 417 ppd 77.7 gpd
MMWWF (1.0 mgd) 4.2 mg/L 1 mg/L 76.19% 1.5  46.0mg/L 384 ppd 71.4 gpd
MMDWEF (0.69 mgd) 6.15 mg/L 1 mg/L 83.74% 1.5 74.0mg/L 426 ppd 79.3 gpd

Note:

Alum is available as liquid hydrated alum solution that consists of 48.2% by weight alum. The density of liquid
alum is 11.14 lbs/gallon.

Alum concentration (mg/L) = (0.482 * alum dosage gal/d * alum density lbs/gal)/(flow * 8.34)

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and then digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-14 summarizes the results. Chemical phosphorus
removal nearly doubles the quantity of phosphorus recycled from solids processing operations, however
this phosphorus recycle is associated with the increased phosphorus content of the solids and not due to
an increase in phosphate.

TABLE 4-14.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE C YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 18.0% 17.9% 23.9% 23.3%
Objective C Year-Round 18.0% 17.9% 44.9% 46.8%

Sludge Production

Chemical phosphorus removal used to achieve Objective C on a year-round basis increases sludge
production relative to the existing plant by 27 percent, or an additional 46 tons of dry solids per year (0.2
tons per million gallons treated). This increase is the result of the chemical precipitation of phosphorus as
aluminum phosphate and aluminum hydroxide.

Energy Consumption

Biowin modeling results indicate the process air requirements for the upgraded plant to achieve
Objective C year-round would be about 1 percent less than for the existing system; this is not considered
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significant for this level of analysis. The overall energy requirements would be slightly higher due to the
operation of chemical dosing pumps and rapid mixing systems as well as extended operating time for
solids thickening and dewatering systems.

MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective C year-round would increase
the plant energy requirements by 10,500 kW-hours/year, or about 1 percent, as shown in Table 4-15.
More than 95 percent of this increase would be attributable to the operation of the solids processes
associated with achieving Objective C. The annual energy consumption for the upgraded plant would
increase by about 46 kW-hours per million gallons of influent wastewater treated.

TABLE 4-15.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

Yearly Energy Required
Existing MA Plant .........coceeeveveninnnnen. 998,500 kW-hours/year
Objective C Year-Round ....................... 1,009,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity...........ccoeevervienieniennnnne. 10,500 kW-hours/year
Percent .......ooeeviiiiiiin 1.1%

Increase per Volume of Plant Flow ....... 46 kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective C year-round would increase
the plant energy requirements by 10,500 kW-hours/year, or about 1 percent, as shown in Table 4-16.
More than 95 percent of this increase would be attributable to the operation of the solids processes
associated with achieving Objective C. The annual energy consumption for the upgraded plant would
increase by about 46 kW-hours per million gallons of influent wastewater treated.

TABLE 4-16.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

Yearly Energy Required
Existing DA Plant...........ccooceevieniennnnnne. 850,500 kW-hours/year
Objective C Year-Round ....................... 861,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity........cccceeeveeeereenerieennnn. 10,500 kW-hours/year
Percent .....coceeeeeiiiiiiiie, 1.2%

Increase per Volume of Plant Flow ....... 46 kW-hours/MG
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Chemical Usage

Existing MA plants that would be upgraded to achieve Objective C year-round would require
approximately 188 gallons of alum and an additional 184 gallons of magnesium hydroxide per million
gallons of influent wastewater treated.

Existing DA plants that would be upgraded to achieve Objective C year-round would require
approximately 188 gallons of alum and an additional 72 gallons of magnesium hydroxide per million
gallons of influent wastewater treated.

Footprint Requirements

New structures required for Objective C would be required for alum and magnesium hydroxide chemical
storage tanks and feeding systems. These storage tanks would be sized to maintain at least two weeks of
chemical storage based on the maximum chemical consumption rate. It is assumed that for smaller plants,
55-gallon drums or 250- to 400-gallon totes would be used. For larger plants, HDPE tanks or FRP tanks
would be required.

Table 4-17 summarizes the approximate additional area required for constructing the alum and
magnesium hydroxide storage tanks and feeding systems for the Objective C upgrade. The only change in
footprint is the required area for chemical storage tanks. Refer to Appendix C for a detailed footprint
summary of the existing and upgraded systems.

TABLE 4-17.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING
EXTENDED AERATION PLANTS TO ACHIEVE OBJECTIVE C

Additional Area Additional Area
Plant Design Capacity = Required for MA Plants Required for DA Plants
[ (mgd) (square feet) (square feet)
1 500 500
10 2,000 2,000
100 11,000 11,000

4.2.4 Objective D

Process Description

The upgrade evaluated to achieve Objective D (TP <0.1 mg/L) is to add tertiary filters after the secondary
clarifier as shown Figure 4-7. Tertiary filtration polishes effluent phosphorus to achieve greater reliability
and reduces phosphorus to lower limits. Table 4-2 summarizes the process design data. Detailed Biowin
model reports are in Appendix A.

Gravity deep bed media filtration involves the removal of particulate material suspended in a liquid by
passing the liquid through a filter bed made of a granular or compressible filter medium. Conventional
and continuously backwashing up-flow filtration systems have proven effective in removing suspended
solids from wastewater biological and chemical treatment process effluent to reduce the mass of solids in
the effluent. Chemical precipitation followed by gravity clarification followed by single-stage filtration
can reliably remove TP to less than 0.1 mg/L; two-stage filtration can reliably achieve TP concentrations
of less than 0.05 mg/L.
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Figure 4-7. Process Schematic of Extended Aeration Plant Upgraded for Objective D Year-Round

To achieve Objective D, alum would be applied as described for Objective C and additionally to the
clarified wastewater feed to the filters. Continuous backwash filters were modeled with the dirty
backwash from the filters recycled to the head of the plant. Biowin results confirm that effluent total
phosphorus concentration of less than 0.1 mg/L would be achieved. As discussed for Objective C, alum
dosage requirements were initially computed stochiometrically and applied to the Biowin model.
Table 4-18 summarizes the alum dosage requirements for Objective D. As described for Objective C, the
mole ratio of aluminum to phosphorus for a removal rate greater than 95 percent is 2.3; the Biowin results
indicate that a stoichiometric ratio of 2.3 is not adequate to achieve 98-percent or greater removal.
Table 4-2 summarizes the alum dosages applied to the Biowin model at different flow conditions.

TABLE 4-18.
REQUIRED ALUM DOSAGE FOR OBJECTIVE D PHOSPHORUS REDUCTION
Soluble Final Alum Dosage Required
PO4 in

) Effluent Removal Mole In mg/L In ppd In gpd
Aeration Phosphorus  Rate Ratio (F=b*d*e*9.58) (g=a*f*8.34) (=g/(11.14%0.482)
Flow rate (a) Tank () (© (d)=((b-c)/b) ()

ADWEF (0.5 mgd) 846mg/L  0.1mg/L 98.82% 23 1842mg/L 768ppd 143.1 gpd
AWWF (0.75 mgd) 564mg/L  0.1mg/L 9823% 23 122.1mg/L 764ppd 142.2 gpd
MMWWF (1.0 mgd) 4.2 mg/L 0.1mg/L  97.62% 23 903 mg/L 753 ppd 140.3 gpd
MMDWEF (0.69 mgd) 6.15mg/L  0.1mg/L  9837% 23 1333 mg/L 767 ppd 142.9 gpd

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-19 summarizes the results.
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TABLE 4-19.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE D YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWEF ADWF AWWEF ADWF
Existing Plant 18.0% 17.9% 23.9% 23.3%
Objective D Year-Round 18.2% 18.3% 49.0% 36.8%

Sludge Production

Chemical phosphorus removal used to achieve Objective D year-round will increase the mass of sludge
produced by 32 percent on an annual basis, adding 56 tons of dry solids per year (0.25 tons per million
gallons of wastewater treated). This increase in sludge is the result of the chemical precipitation of
phosphorus as aluminum phosphate and aluminum hydroxide.

Energy Consumption

Biowin modeling results indicate the process air requirements for the upgraded plant to achieve
Objective D year-round would be about 1 percent less than the existing system; this is not considered
significant for this level of analysis. The overall energy requirements would be higher than for Objective
C due to the extended operation of chemical (alum and magnesium hydroxide) dosing pumps, rapid
mixing systems, filtration system, as well as extended operating time for solids thickening and dewatering
systems.

MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective D year-round would increase
the plant energy requirements by 36,500 kW-hours/year, or about 4 percent, as shown in Table 4-20.
About 80 percent of this increase would be attributable to the operation of the solids processes associated
with achieving Objective D, with the remainder mostly attributable to the operation of the filters. The
annual energy consumption for the upgraded plant would increase by about 160 kW-hours per million
gallons of influent wastewater treated.

TABLE 4-20.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

Yearly Energy Required
Existing MA Plant ..........ccocevieninnnnnne. 998,500 kW-hours/year
Objective D Year-Round....................... 1,035,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity...........ccoeeeervierieneennenne. 36,500 kW-hours/year
Percent ......coevenieieicniinncccc 4%

Increase per Volume of Plant Flow ....... 160 kW-hours/MG
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DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective D year-round would increase
the plant energy requirements by 42,500 kW-hours/year, or about 5 percent, as shown in Table 4-21.
About 80 percent of this increase would be attributable to the operation of the solids processes associated
with achieving Objective D, with the remainder mostly attributable to the operation of the filters. The
annual energy consumption for the upgraded plant would increase by about 184 kW-hours per million
gallons of influent wastewater treated.

TABLE 4-21.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

Yearly Energy Required
Existing DA Plant.........cccccceeninennncnnne 850,500 kW-hours/year
Objective D Year-Round........c.ccceuneeee. 892,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeiieeiiniiennns 42,500 kW-hours/year
Percent ....ccooeveriiieiiininncc 5%

Increase per Volume of Plant Flow ....... 184 kW-hours/MG

Chemical Usage

Existing MA plants upgraded to achieve Objective D year-round would require approximately
260 gallons of alum per million gallons treated and an additional 256 gallons of magnesium hydroxide
per million gallons treated.

Existing DA plants upgraded to achieve Objective D year-round would require approximately 260 gallons
of alum per million gallons treated and an additional 144 gallons of magnesium hydroxide per million
gallons treated.

Footprint Requirements

New structures required for Objective D are the filters and the alum and magnesium hydroxide storage
tanks and dosing facilities, similar to those identified for Objective C. Appendix B provides detailed
storage tank calculations and dosing system requirements.

Table 4-22 summarizes the additional footprint requirements to achieve Objective D relative to the
existing system. Refer to Appendix C for a detailed footprint summary of the existing and upgraded
systems.
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TABLE 4-22.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING
EXTENDED AERATION PLANTS TO ACHIEVE OBJECTIVE D

Additional Area Additional Area
Plant Design Capacity ~ Required for MA Plants Required for DA Plants
[ (mgd) (square feet) (square feet)
1 1,400 1,400
10 11,000 11,000
100 97,000 97,000

4.2.5 Objective E

Process Description

Objective E (TIN <8 mg/L and TP <1 mg/L) can be achieved by converting the existing extended aeration
system to the MLE process as described for Objective A and by adding alum to the influent for
phosphorus removal as described for Objective C. Alum dosages were calculated for soluble POy
concentrations in the aeration tank based on the Objective A model. These alum dosages were then
entered into the Biowin model to achieve effluent TP <1 mg/L. Assumptions made for Objectives A and
C were also used for this objective. Table 4-2 summarizes the process design data. Detailed Biowin model
reports are in Appendix A.

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-23 summarizes the results.

TABLE 4-23.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE E YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 18.0% 17.9% 23.9% 23.3%
Objective E Year-Round 18.0% 15.2% 35.9% 50.4%

Sludge Production

Chemical phosphorus removal used to achieve Objective E year-round will increase the mass of sludge
produced by 24 percent on an annual basis, adding 41.7 tons of dry solids per year (0.18 tons per million
gallons treated). This increase in sludge production is the result of chemical precipitation of phosphorus
as aluminum phosphate and aluminum hydroxide.
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Energy Consumption

Biowin modeling results indicate the process air requirements for the upgraded plant to achieve
Objective E year-round would be about 18 percent less than the existing system. The overall energy
requirements would be higher due to the operation of anoxic basin mixing systems, internal mixed liquor
recycle pumps, chemical (methanol, alum and magnesium hydroxide) dosing pumps, and rapid mixing
systems, as well as extended operating time for solids thickening and dewatering systems.

MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective E year-round would increase
the plant energy requirements by 23,500 kW-hours/year, or about 2 percent, as shown in Table 4-24.
About 50 percent of this increase would be attributable to the operation of the solids processes associated
with achieving Objective E, with the remainder mostly attributable to the operation of the liquid process.
The annual energy consumption for the upgraded plant would increase by about 103 kW-hours per
million gallons of influent wastewater treated. This energy increase is significantly lower than required to
upgrade a DA plant for Objective E year-round, because of the energy savings achieved by converting the
MA system to a DA system.

TABLE 4-24.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE E YEAR-ROUND

Yearly Energy Required
Existing MA Plant ..........ccoocevieninnnnnne. 998,500 kW-hours/year
Objective E Year-Round........................ 1,022,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeeerienieniennenne. 23,500 kW-hours/year
Percent ......coeveniiieiininnccc 2%

Increase per Volume of Plant Flow ....... 103 kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective E year-round would increase
the plant energy requirements by 171,500 kW-hours/year, or about 20 percent, as shown in Table 4-25.
About 6.5 percent of this increase would be attributable to the operation of the solids processes associated
with achieving Objective E, with the remainder mostly attributable to the operation of the liquid process.
The annual energy consumption for the upgraded plant would increase by about 752 kW-hours per
million gallons of influent wastewater treated.

Chemical Usage
Alum and magnesium hydroxide would be required to reduce total phosphorus to <1.0 mg/L and to

maintain adequate alkalinity and pH for nitrification.

An MA plant upgraded to achieve Objective E year-round would require approximately 188 gallons of
alum per million gallons treated and an additional 80 gallons of magnesium hydroxide per million gallons
treated.
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TABLE 4-25.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE E YEAR-ROUND

Yearly Energy Required
Existing DA Plant.......ccoceveveveiiniinnene 850,500 kW-hours/year
Objective E Year-Round..........cccoeuee. 1,022,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiniiennnnns 171,500 kW-hours/year
Percent .....oooveeeeiiiiiiie, 20%

Increase per Volume of Plant Flow ....... 752 kW-hours/MG

A DA plant upgraded to achieve Objective E year-round would require approximately 188 gallons of
alum per million gallons treated and 32 gallons less magnesium hydroxide per million gallons treated than
required for the existing plant.

Footprint Requirements

New structures required for Objective E are alum and magnesium hydroxide storage tanks and dosing
systems, which would require use of additional area as indicated for Objective C and as shown in
Table 4-26.

TABLE 4-26.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING
EXTENDED AERATION PLANTS TO ACHIEVE OBJECTIVE E

Additional Area Additional Area
Plant Design Capacity ~ Required for MA Plants Required for DA Plants
(mgd) (square feet) (square feet)
1 1,700 900
10 3,600 2,100
100 12,700 10,000

4.2.6 Objective F

Process Description

Objective F (TIN <3 mg/L and TP <0.1 mg/L) can be achieved by converting the existing extended
aeration system into a four-stage Bardenpho (4BDP) process as described for Objective B and by
installing tertiary filters and alum addition as discussed in Objective D. Alum dosages were calculated for
soluble PO4 concentrations in the aeration tank based on the Objective B model. These alum dosages
were then entered into the Biowin model to achieve effluent TP <0.1 mg/L. Assumptions made for
Objectives B and D were also used for this objective. Table 4-2 summarizes the process design data.
Detailed Biowin model reports are in Appendix A.
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Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-27 summarizes the results.

TABLE 4-27.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE F YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 18.0% 17.9% 23.9% 23.3%
Objective F Year-Round 16.5% 15.3% 36.5% 36.6%

Sludge Production

Chemical phosphorus removal used to achieve Objective F year-round will increase the mass of sludge
produced by 30 percent on an annual basis, adding 53 tons of dry solids per year (0.23 tons per million
gallons treated). This increase in sludge is the result of the chemical precipitation of phosphorus as
aluminum phosphate and aluminum hydroxide.

Energy Consumption

Biowin modeling results indicate the process air requirements for the upgraded plant to achieve
Objective F year-round would be about 14 percent less than the existing system. However, overall energy
consumption would be significantly greater than for the existing plant, due to the operation of anoxic
basin mixing systems, internal mixed liquor recycle pumps, chemical (methanol, alum and magnesium
hydroxide) dosing pumps, rapid mixing and filtration systems, as well as extended operating time for
solids thickening and dewatering systems.

MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective F year-round would increase
the plant energy requirements by 319,000 kW-hours/year, or about 32 percent, as shown in Table 4-28.
About 5.6 percent of this increase would be attributable to the operation of the solids processes associated
with achieving Objective F, with the remainder attributable to the operation of the liquid process. The
annual energy consumption for the upgraded plant would increase by about 1,319 kW-hours per million
gallons of influent wastewater treated.

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective F year-round would increase
the plant energy requirements by 467,000 kW-hours/year, or about 55 percent, as shown in Table 4-29.
About 3.8 percent of this increase would be attributable to the operation of the solids processes associated
with achieving Objective F, with the remainder attributable to the operation of the liquid process. The
annual energy consumption for the upgraded plant would increase by about 2,047 kW-hours per million
gallons of influent wastewater treated.
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TABLE 4-28.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE F YEAR-ROUND

Yearly Energy Required
Existing MA Plant ........ccccoceveninincnne. 998,500 kW-hours/year
Objective F Year-Round..........cccoenee. 1,317,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiniiennnnns 319,000 kW-hours/year
Percent .....oooveeeeiiiiiiie, 32%

Increase per Volume of Plant Flow ....... 1,319 kW-hours/MG

TABLE 4-29.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE F YEAR-ROUND

Yearly Energy Required
Existing DA Plant........ccccccoeevvveiieeneennns 850,500 kW-hours/year
Objective F Year-Round............c..c........ 1,317,500 kW-hours/year
Energy Increase for Upgrade
Annual QUantity........cccceeeveevevierernieennnnnn 467,000 kW-hours/year
Percent .......ooeeviiiiiiini 55%

Increase per Volume of Plant Flow ....... 2,047 kW-hours/MG

Chemical Usage

Three new chemical storage and dosing systems would be required to achieve Objective F year-round.
Alum and magnesium hydroxide would be required to reduce total phosphorus to <1.0 mg/L and to
maintain adequate alkalinity and pH for nitrification. Methanol or an equivalent carbon source would be
required to drive the denitrification process as described for Objective B.

For upgraded MA plants to achieve Objective F year-round would require approximately 256 gallons of
alum, an additional 136 gallons of magnesium hydroxide, and 32 gallons methanol per million gallons
treated.

For upgraded DA plants to achieve Objective F year-round would require approximately 256 gallons of
alum, an additional 24 gallons of magnesium hydroxide, and 32 gallons methanol per million gallons
treated.

Footprint Requirements

New structures required for Objective F are alum, magnesium hydroxide and methanol storage tanks.
These tanks were sized as described for Objectives B and D, with the following sizes estimated for a
1-mgd plant (Appendix B provides detailed storage tank calculations for other plant capacities):

*  Two alum storage tanks are required, each 8 feet deep and 5.2 feet in diameter.

* Two magnesium hydroxide storage tanks are required, each 8 feet deep and 4.5 feet in
diameter.
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* A 3-foot-deep, 120-square-foot containment tank is required for the alum storage tank.

o A 2.6-foot-deep, 95-square-foot containment tank is required for the magnesium hydroxide
storage tank.

*  One horizontal methanol tank is required, 4 feet in diameter and 5.1 feet long.
* A 45-square-foot containment tank is required to contain the methanol tank.

Table 4-30 summarizes the footprint requirements between the existing system and Objective F upgrade.
Refer to Appendix C for a detailed footprint summary of the existing and upgraded systems.

TABLE 4-30.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING
EXTENDED AERATION PLANTS TO ACHIEVE OBJECTIVE F

Additional Area Additional Area
Plant Design Capacity ~ Required for MA Plants Required for DA Plants
[ (mgd) (square feet) (square feet)
1 2,700 1,900
10 13,500 12,000
100 98,000 98,000

4.3 SEASONAL NUTRIENT REMOVAL

Improvements required to provide seasonal nutrient removal to achieve each treatment objective are
described below. Process design data for all objectives are included in Table 4-31, which is attached at the
end of this chapter.

4.3.1 Objective A
Process Description

The Objective A (TIN <8 mg/L) treatment processes for seasonal nutrient removal would be the same as
for year-round nutrient removal except that the capital facilities would be designed based on MMDWF
instead of MMWWF and O&M costs would be based on ADWF instead of AWWF. No additional
aeration tanks or oxygen transfer systems are required for nutrient removal. Chemical storage tanks would
be designed based on maximum usage of chemical during either MMDWF or ADWF. Refer to Section
4.2.1 for detailed process description and flow schematics. Process design data are included in
Table 4-31.

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-32 summarizes the results.
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TABLE 4-32.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE A SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 17.9% 23.3%
Objective A Seasonal 15.5% 64.1%

Sludge Production

From Table 4-31, average sludge produced per day is 949 pounds per day (ppd) for the existing extended
aeration system and 943 ppd for seasonal treatment under Objective A. This increase in sludge production
associated with achieving Objective A is not significant; there should be no significant change in the
overall mass of sludge produced.

Energy Consumption
MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective A seasonally would reduce the
plant energy requirements by 60,000 kW-hours/year, or about 6.4 percent, as shown in Table 4-33. There
would be no change in the energy requirements for solids processes. The annual energy consumption for
the upgraded plant would decrease by about 263 kW-hours per million gallons of influent wastewater
treated. This energy savings is attributable to the upgrade in the aeration process from MA to DA.

TABLE 4-33.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

Yearly Energy Required
Existing MA Plant .........cccocevieniennnne. 998,500 kW-hours/year
Objective A, Seasonal............ccceeeveenenne. 938,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeerienieniennnnne. (60,000) kW-hours/year
Percent ......cccooovveviiieiiieieceee e, (6.4%)

Increase per Volume of Plant Flow ....... (263) kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective A seasonally would increase
the plant energy requirements by 88,000 kW-hours/year, or about 10.3 percent, as shown in Table 4-34.
There would be no increase in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 386 kW-hours per million gallons of influent
wastewater treated. There would be no change in the energy requirements for solids processes. On an
annual basis, seasonal operation requires approximately 55 percent of the increased energy required to
achieve Objective A year-round.
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TABLE 4-34.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

Yearly Energy Required
Existing DA Plant.......ccoceveveveiiniinnene 850,500 kW-hours/year
Objective A, Seasonal...........ccceevveernene 938,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiniiennnnns 88,000 kW-hours/year
Percent .....oooveeeeiiiiiiie, 10.3%

Increase per Volume of Plant Flow ....... 386 kW-hours/MG

Chemical Usage

If an existing MA plant is operated to achieve Objective A during dry weather and to maintain existing
plant performance during the wet season, then the annual quantity of magnesium hydroxide required to
control alkalinity would increase 150% relative to the existing annual usage; this equates to an
incremental increase of 48 gallons of magnesium hydroxide per million gallons of wastewater treated
annually.

If an existing DA plant is operated to achieve Objective A during dry weather and to maintain existing
plant performance during the wet season, then the annual quantity of magnesium hydroxide required to
control alkalinity would be reduced approximately 65% relative to the existing annual usage; this equates
to an incremental decrease of 64 gallons of magnesium hydroxide per million gallons of wastewater
treated annually.

Footprint Requirements

Space requirements to accommodate new process equipment needed to achieve Objective E on a seasonal
basis would be the same as described for achieving this objective year-round, as indicated in Table 4-6.

4.3.2 Objective B
Process Description

The Objective B (TIN <3 mg/L) treatment processes for seasonal nutrient removal would be the same as
for year-round nutrient removal except that the capital facilities would be designed based on MMDWF
instead of MMWWF and O&M costs would be based on ADWF instead of AWWEF. No additional
aeration tanks are required for nutrient removal. Chemical storage tanks would be designed based on
maximum usage of chemical during either MMDWF or ADWF. Refer to Section 4.2.2 for detailed
process description and flow schematics. Process design data are included in Table 4-31.

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-35 summarizes the results.
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TABLE 4-35.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE B SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 17.9% 23.3%
Objective B Seasonal 15.9% 61.7%

Sludge Production

From Table 4-31, average sludge produced per day for Objective B seasonal nutrient removal is 953 ppd,
which is 0.3 percent higher than for the existing plant. This increase in sludge is the result of the addition
of methanol to the post-anoxic tank for denitrification. If Objective B is achieved only during dry
weather, then the annual sludge production would increase 0.32 percent on an annual basis, adding 0.55
tons of dry solids per year (0.0024 tons per million gallons of wastewater treated).

Energy Consumption
MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective B seasonally would increase
the plant energy requirements by 44,000 kW-hours/year, or about 4 percent, as shown in Table 4-36.
There would be no change in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 193 kW-hours per million gallons of influent
wastewater treated. On an annual basis, seasonal operation requires approximately 15 percent of the
increased energy required to achieve Objective B year-round.

TABLE 4-36.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

Yearly Energy Required
Existing MA Plant ..........ccocevieninnnnnnne. 998,500 kW-hours/year
Objective B, Seasonal...........ccceevueennenne. 1,042,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........c.ccoeeeereierienrennnnne 44,000 kW-hours/year
Percent ....c.ooeveniiieicniniccc 4%

Increase per Volume of Plant Flow ....... 193 kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective B seasonally would increase
the plant energy requirements by 192,000 kW-hours/year, or about 23 percent, as shown in Table 4-37.
There would be no increase in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 835 kW-hours per million gallons of influent
wastewater treated. There would be no change in the energy requirements for solids processes. On an
annual basis, seasonal operation requires approximately 43 percent of the increased energy required to
achieve Objective B year-round.
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TABLE 4-37.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

Yearly Energy Required
Existing DA Plant........ccoccevvverciininnne 850,500 kW-hours/year
Objective B, Seasonal...........cccevuenrnnene 1,042,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiniiennnnns 192,000 kW-hours/year
Percent .....oooveeeeiiiiiiie, 23%

Increase per Volume of Plant Flow ....... 835 kW-hours/MG

Chemical Usage

To achieve Objective B nutrient removal on a seasonal basis, the annual methanol requirement would be
approximately 3,650 gallons or 16 gallons of methanol per million gallons of wastewater treated. Use of
magnesium hydroxide for pH and alkalinity control would be the same as for Objective A seasonal
nutrient removal.

Footprint Requirements

Space requirements to accommodate new process equipment needed to achieve Objective B on a seasonal
basis would be the same as described for achieving this objective year-round as indicated in Table 4-11.

4.3.3 Objective C

Process Description

The Objective C (TP <1 mg/L) treatment processes for seasonal nutrient removal would be the same as
for year-round nutrient removal except that the capital facilities would be designed based on MMDWF
instead of MMWWF and O&M costs would be based on ADWF instead of AWWEF. No additional
aeration tanks are required for nutrient removal. Chemical storage tanks would be designed based on
maximum usage of chemical during either MMDWF or ADWF. Refer to Section 4.2.3 for detailed
process description and flow schematics. Process design data are included in Table 4-31.

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-38 summarizes the results.

TABLE 4-38.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE C SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 17.9% 23.3%
Objective C Seasonal 17.9% 46.8%
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Sludge Production

From Table 4-31, if Objective C is achieved only during dry weather, then sludge production would
increase 13.8 percent on an annual basis, adding 24 tons of dry solids per year, or 0.11 tons per million
gallons of wastewater treated.

Energy Consumption
MA Plant

Upgrading the MA plant to achieve Objective C seasonally would increase the plant energy requirements
by 1,000 kW-hours/year, or about 0.1 percent, as shown in Table 4-39. Approximately 50 percent of this
increase would be attributable to the additional operation of the solids processes associated with achieving
Objective C. The annual energy consumption for the upgraded plant would increase by about 4 kW-hours
per million gallons of influent wastewater treated. On an annual basis, seasonal operation requires
approximately 9 percent of the increased energy required to achieve Objective C year-round.

TABLE 4-39.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

Yearly Energy Required
Existing MA Plant ..........ccocevieviennnnne. 998,500 kW-hours/year
Objective C, Seasonal...........ccceerveennenne. 999,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity...........ccoeeveeieeeireeniennenns 1,000 kW-hours/year
Percent .......ooevviiiiiiinii 0.1%

Increase per Volume of Plant Flow ....... 4 kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective C seasonally would increase
the plant energy requirements by 3,000 kW-hours/year, or about 0.3 percent, as shown in Table 4-40.
There would be no increase in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 13 kW-hours per million gallons of influent
wastewater treated. Approximately 17 percent of this increase would be attributable to the operation of
the solids processes associated with achieving Objective C. On an annual basis, seasonal operation
requires approximately 28 percent of the increased energy required to achieve Objective C year-round.

Chemical Usage

To achieve Objective C nutrient removal on a seasonal basis, upgraded MA plants would require
approximately 100 gallons of alum and an additional 64 gallons of magnesium hydroxide per million
gallons treated. Upgraded DA plants would require approximately 100 gallons of alum and reduce the
usage magnesium hydroxide approximately 48 gallons of magnesium hydroxide per million gallons
treated.

Footprint Requirements

Space requirements to accommodate new process equipment needed to achieve Objective C on a seasonal
basis would be the same as described for achieving this objective on a year-round basis as indicated in
Table 4-17.
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TABLE 4-40.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

Yearly Energy Required
Existing DA Plant.......ccoceveveveiiniinnene 850,500 kW-hours/year
Objective C, Seasonal...........cccceevuenrnenn 853,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiniiennnnns 3,000 kW-hours/year
Percent .....oooveeeeiiiiiiie, 0.3%

Increase per Volume of Plant Flow ....... 13 kW-hours/MG

4.3.4 Objective D

Process Description

The Objective D (TP <0.1 mg/L) treatment processes for seasonal nutrient removal would be the same as
for year-round nutrient removal except that the capital facilities would be designed based on MMDWF
instead of MMWWF and O&M costs would be based on ADWF instead of AWWEF. No additional
aeration tanks are required for nutrient removal. Refer to Section 4.2.4 for detailed process description
and flow schematics. Process design data are included in Table 4-31.

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-41 summarizes the results.

TABLE 4-41.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE D SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 17.9% 23.3%
Objective D Seasonal 18.3% 36.8%

Sludge Production

If Objective D is achieved only during dry weather, then annual sludge production would increase
16 percent, adding 28.4 tons of dry solids per year, or 0.12 tons per million gallons of wastewater treated.

Energy Consumption
MA Plant

Upgrading the MA plant to achieve Objective D seasonally would increase the plant energy requirements
by 16,500 kW-hours/year, or about 2 percent, as shown in Table 4-42. This is more than 16 times the
energy increase required for Objective C seasonal nutrient removal. Approximately 90 percent of this
increase would be attributable to the additional operation of the solids processes associated with achieving
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Objective D. The annual energy consumption for the upgraded plant would increase by about 72 kW-
hours per million gallons of influent wastewater treated. On an annual basis, seasonal operation requires
approximately 45 percent of the increased energy required to achieve Objective D year-round.

TABLE 4-42.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE D SEASONALLY

Yearly Energy Required
Existing MA Plant .......c.ccccoeeivviinnennns 998,500 kW-hours/year
Objective D, Seasonal............ccceeevveneene. 1,015,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeereeriiniinnene 16,500 kW-hours/year
Percent ......coevenieieiieniincec 2%

Increase per Volume of Plant Flow ....... 72 kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective D seasonally would increase
the plant energy requirements by 19,500 kW-hours/year, or about 2 percent, as shown in Table 4-43.
There would be no increase in the energy requirements for solids processes. The annual energy
consumption for the upgraded plant would increase by about 85 kW-hours per million gallons of influent
wastewater treated. Approximately 45 percent of this increase would be attributable to the operation of
the solids processes associated with achieving Objective D. On an annual basis, seasonal operation
requires approximately 46 percent of the increased energy required to achieve Objective D year-round.

TABLE 4-43.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE D SEASONALLY

Yearly Energy Required
Existing DA Plant..........cocevevininnennee. 850,500 kW-hours/year
Objective D, Seasonal...........cccceevueenenne. 870,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity...........cceeevereierienrennnnnn. 19,500 kW-hours/year
Percent ......ooeeviiiiiiin 2%

Increase per Volume of Plant Flow ....... 85 kW-hours/MG

Chemical Usage

To achieve Objective D on a seasonal basis, upgraded MA plants would require 132 gallons of alum and
an additional 144 gallons of magnesium hydroxide per million gallons treated. Upgraded DA plants
would require 132 gallons of alum and an additional 32 gallons of magnesium hydroxide per million

gallons treated.
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Footprint Requirements

Space requirements to accommodate new process equipment required to achieve Objective D on a
seasonal basis would be the same as described for achieving this objective on a year-round basis as
indicated in Table 4-22.

4.3.5 Objective E

Process Description

The Objective E (TIN <8 mg/L and TP <1 mg/L) treatment processes for seasonal nutrient removal would
be the same as for year-round nutrient removal except that the capital facilities would be designed based
on MMDWEF instead of MMWWF and O&M costs would be based on ADWF instead of AWWEF. No
additional aeration tanks are required for nutrient removal. Refer to Section 4.2.5 for detailed process
description and flow schematics. Process design data are included in Table 4-31.

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-44 summarizes the results.

TABLE 4-44.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE E SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 17.9% 23.3%
Objective E Seasonal 15.2% 50.4%

Sludge Production

If Objective E is achieved only during dry weather, then sludge production would increase 13 percent on
an annual basis, adding 21.7 tons of dry solids per year, or 0.12 tons per million gallons treated.

Energy Consumption
MA Plant

Upgrading the MA plant secondary treatment process to achieve Objective E seasonally would reduce the
plant energy requirements by 58,500 kW-hours/year, or about 6 percent, as shown in Table 4-45. Total
annual energy requirement would be about 8 percent less than required to achieve Objective E year-
round. The energy required for the solids processing would be slightly greater (< 1 percent) than for the
existing plant. Total annual energy consumption for the upgraded plant would decrease by 256 kW-hours
per million gallons of influent wastewater treated.
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TABLE 4-45.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE E SEASONALLY

Yearly Energy Required
Existing MA Plant........cccceeeenciinnennne 998,500 kW-hours/year
Objective E, Seasonal ..........ccecvevienrnene 940,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeverienieniennnnne (58,500) kW-hours/year
Percent ......cccooveeiiiiiiiiii (6%)

Increase per Volume of Plant Flow ....... (256) kW-hours/MG

DA Plant

Upgrading the DA plant secondary treatment process to achieve Objective E seasonally would increase
the plant energy requirements by 89,500 kW-hours/year, or about 11 percent, as shown in Table 4-46.
Less than 1 percent of the increase energy demand would be attributable to the increased operation of the
solids processes associated with achieving Objective E. The annual energy consumption for the upgraded
plant would increase by about 392 kW-hours per million gallons of influent wastewater treated.
Approximately 17 percent of this increase would be attributable to the operation of the solids processes
associated with achieving Objective E. On an annual basis, seasonal operation requires approximately
52 percent of the increased energy required to achieve Objective E year-round.

TABLE 4-46.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE E SEASONALLY

Yearly Energy Required
Existing DA Plant.......cccoccevvveveiincnnnne 850,500 kW-hours/year
Objective E, Seasonal ..........ccccvevurennenne. 940,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiininennens 89,500 kW-hours/year
Percent .....coceeveeiiiiiiee 11%

Increase per Volume of Plant Flow ....... 392 kW-hours/MG

Chemical Usage

To achieve Objective E on a seasonal basis, upgraded MA plants would require 100 gallons of alum and
an additional 96 gallons of magnesium hydroxide per million gallons treated. Upgraded DA plants would
require 100 gallons of alum per million gallons treated and 16 gallons less of magnesium hydroxide per
million gallons treated than the existing plant.

Footprint Requirements

Space requirements to accommodate new process equipment required to achieve Objective E on a
seasonal basis would be the same as described for achieving this objective on a year-round basis as
indicated in Table 4-26.
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4.3.6 Objective F
Process Description

The Objective F (TIN <3 mg/L and TP <0.1 mg/L) treatment processes for seasonal nutrient removal
would be the same as for year-round nutrient removal except that the capital facilities would be designed
based on MMDWEF instead of MMWWF and O&M costs will be based on ADWF instead of AWWEF. No
additional aeration tanks are required for nutrient removal. Chemical storage tanks would be designed
based on maximum usage of chemical during either MMDWF or ADWF. Refer to Section 4.2.6 for
detailed process description and flow schematics. Process design data are included in Table 4-31.

Recycled Loads

Sludge wasted from the secondary clarifier will be thickened in a sludge thickener and digested in an
aerobic digester. The percentage of TN and TP returning from these sludge treatment processes was
calculated using Biowin model outputs. Table 4-47 summarizes the results.

TABLE 4-47.
NUTRIENT RECYCLING COMPARISON FOR EXTENDED AERATION SYSTEMS,
OBJECTIVE F SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 17.9% 23.3%
Objective F Seasonal 15.3% 36.6%

Sludge Production

Chemical phosphorus removal to achieve Objective F seasonally will increase the sludge produced by
18 percent annually, adding 32.3 tons of dry solids per year (0.14 tons per million gallons treated).

Energy Consumption
MA Plant

Upgrading the MA plant to achieve Objective F seasonally would increase the plant energy requirements
by 46,500 kW-hours/year, or about 5 percent, as shown in Table 4-48. Less than 1 percent of this increase
would be attributable to the additional operation of the solids processes associated with achieving
Objective F. The annual energy consumption for the upgraded plant would increase by about 204 kW-
hours per million gallons of influent wastewater treated. On an annual basis, seasonal operation requires
approximately 15 percent of the increased energy required to achieve Objective F year-round.

DA Plant

Upgrading the DA plant to achieve Objective F seasonally would increase the plant energy requirements
by 194,500 kW-hours/year, or about 23 percent, as shown in Table 4-49. Less than 1 percent of the
increase energy demand would be attributable to the increased operation of the solids processes associated
with achieving Objective F. The annual energy consumption for the upgraded plant would increase by
about 853 kW-hours per million gallons of influent wastewater treated. Approximately 45 percent of this
increase would be attributable to the operation of the solids processes associated with achieving Objective
F. On an annual basis, seasonal operation requires approximately 42 percent of the increased energy
required to achieve Objective F year-round.
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TABLE 4-48.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING MA
PLANT TO ACHIEVE OBJECTIVE F SEASONALLY

Yearly Energy Required
Existing MA Plant ........ccccoceveninincnne. 998,500 kW-hours/year
Objective F, Seasonal ...........cccevuennnene 1,045,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiniiennnnns 46,500 kW-hours/year
Percent .....oooveeeeiiiiiiie, 5%

Increase per Volume of Plant Flow ....... 204 kW-hours/MG

TABLE 4-49.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING DA
PLANT TO ACHIEVE OBJECTIVE F SEASONALLY

Yearly Energy Required
Existing DA Plant........ccccccoeevvveiieeneennns 850,500 kW-hours/year
Objective F, Seasonal ...........ccceeueennenn. 1,045,000 kW-hours/year
Energy Increase for Upgrade
Annual QUantity........cccceeeveevevierernieennnnnn 194,500 kW-hours/year
Percent .......ooeeviiiiiiini 23%

Increase per Volume of Plant Flow ....... 853 kW-hours/MG

Chemical Usage

To achieve Objective F on a seasonal basis, upgraded MA plants would require 128 gallons of alum, an
additional 120 gallons of magnesium hydroxide, and 16 gallons of methanol per million gallons treated.
Upgraded DA plants would require 128 gallons of alum, an additional 8§ gallons of magnesium hydroxide,
and 16 gallons of methanol per million gallons treated.

Footprint Requirements

Space requirements to accommodate new process equipment required to achieve Objective F on a
seasonal basis would be the same as described for achieving this objective on a year-round basis as
indicated in Table 4-30.

4-35










00S¥T 00S¥T 00S¥T 00S¥T 00S¥T 00svT  [[00S¥T 00S¥T 00S¥T 00S¥YT 00S¥YT 00SYT — 00SYT 00S¥T 00S¥T 00S¥T 00S¥T 00S¥T 00S¥T 00S¥T 00SvT 7/bawi “3u0) apix0IpAH wnisausey
06 09 091 ozt N N 08 ov ozt 08 00z  0ST 014 [o14 00T ozt 08 00z  0ST o o ozt 14 pd3 ‘a8esoq apixoJpAH wnisaugey
091 Szt S9T 143 091 ort 091 0Tt Ser 08 091 01T pds ‘a8esoq wn|y|
0z (14 014 ST 014 [o]4 pds ‘joueyan
uonippy [p21Way)
1SS 1SS 1SS 1SS 1SS 155 (19pded wouy) (zay) eauy 12314
542314 Aip1343]
[4% [4% [4% [4% wl Wt [4% W wl vz vz vz vt vt 1274 1274 98¢ 98T 98T 98T 98T 98T 98t 98z /168 ‘91eY MOJJISAQ 998YINS|
00S‘€  00S‘€ 00S‘€ 00S‘€ 00S‘€ 00S€  00S‘E 00S°€ 00S‘€  00S‘€  00S‘€ 00S‘€ 00S€ 00S€E  00S‘E 00S‘€ 00S‘€  00S‘€  00S‘€ 00S‘€ 00S‘€ 00S‘€  00S‘E 00S‘€ 4S ‘eauy
Jaflo)d
0€T STT T2 Szt 95T 871 wyd ‘a1ey Aiddns iy
8y 8y 43 e v'T vz Iy ‘LYH
oT'o (%0] [01%0] [01%0] [1%0] or'o DN ‘BWn|oA yuey
)up] 31qoJaY/|
96 96 7’9 79 8y 8y Siy ‘LYH
0z0 0z'0 0z'0 0z'0 0z'0 0z0 OIN ‘BWn|OA Yuey
Jup] Jixouy - 3s0d|
09 09 09 . 09 09 09 09 09 09 09 09 a1ey 9phaay |eusarul
96  vvl 96 vl 79 96 9 96 8y L 8y L SIy ‘LYH
070 0€0 0Z0  0€0 0Z0  0€0 070  0€0 0Z0  0€0 070  0€0 OIA ‘SWN|OA JueL
Jupn] Jixouy - a.d|
VSO0 DSO DSO DSO DSO DSO  DSO 050 VS0 DSO0 DSO DSO DSO VSO 050 050 VS0 DSO0 DSO DSO DSO DSO  DSO S0 a1ey 3|A9Y Svy
81'8T 68T 90°8T [L'8T T68T 6.8 88T 8L'8T T€'8T  LT8T ST8T S8 8E'BT 88T 9T'8T 97'8T LT 8T vILT 8T T8l 08T  T0'8T 10'8T shep ‘1y¥s uimolg
TeL  L08 086 986  9TL  T8L 986 LS9  TLL  0T6 916 1S9 ISL 9€6 669  T/L 668 906 1S9  9SL 706 Wyd ‘91ed MOJHIY JueL Uolesay
96 18 08 dH ‘@jeidn Jamod youa
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 /8w ‘uonzel3uadU0) 0Q
8SS'E  88G'E  L6S'E  VEY'E VEL'E TI0'E  EV6T £V6'C TW9'E  LEV'E  L69'€  9LS'E ¥SO'E 8S6T  606CT 606°C 86T'€ GST'E  6SY'E  8LE'E VYWE'T TIBT  LO8T 608'C /8w “2u0) SSIN
T g€ 8y 8% 74 9'€e 8% 8v 9T v'ze 43 43 9T v'ze 43 43 43 89T 74 74 49 89T 174 T SIy ‘LYH
050 00 00T 00T 0S0 0L0 00T 00T 0S50 00 00T 00T 0S0 0L0 00T 00T 0S0 00 00T 00T 0S0 0L0 00T 00T DIA ‘SWN|OA yueL
JupL UoipIdY / Yo3ig UoHLpIXO|
L L L L L L L L 89 89 89 89 89 89 89 89 89 89 89 89 89 89 89 89 Hd
14 14 ¥ ¥ ¥ 12 12 v 89C 89T 89T 89T 89T 89T 89'C 89'C 10¢ 10T 10T 10T 10T 10T 10T 10T Anuieyiy
vIT ¥IT ¥IT ¥IT PIT I ¥TT 71T 9L 9L 9L 9L 9L 9L 9L 9L LS LS LS LS LS A LS A dL
8y 8y 8y 8y 8Y 8v 8 8y 43 43 43 [43 [43 [43 43 43 T 74 74 ¥T T vT 1Z4 vT N>IL|
€97 €97 €9  €9r €9 €9t €9¢ €92 9T 9LT 9/T 9T 9T 9T 9LT 9Lt [43 43 [43 [43 [438 438 [43 438 SSA|
9/€  9L€  9LE 9L  9LE  9LE aLe 9LE IS¢ IS¢ IS¢ ISt IST IST 15C 15¢ 88T 88T 88T 88T 88T 881 88T 88T SS1|
T€EE  TE€E  T€E  TE€E  TEE  TEE TEE T€E ¢z Ter Ter Tee Ter T 144 j244 59T S9T  S9T 59T 59T 59T 59T 59T aod
spoo1 wanpful
ST ST ST ST ST ST ST ST ot )3 [}3 ot ot ot ot ot ot 0t [}3 [}3 [} ot 0T ot J, ‘dwa]]
0S50 050 0S50 0S50 SO0 050 050 050 S0 SL0  SL0  SL0  SLO SLO SL°0 SL0 0T 0T 0T 0T 0T 0T 0T 0T p8w ‘moj4 uanjjul
ainypiadwa] abpiany ‘az1s Jup|d|
0> TI> T0> 1> 10> 1> 10> I> 10> 1> 10> I> (1/3w) d1]
€> 8> €> 8> €> 8> €> 8> €> 8> €> 8> (1/8w) NIL
S|DOD [DAOWAY JUSLIINN
4190 3790 afao 27190 @790 v'lqo uonewdy uonewy [ 4fg0 30 a’fqo 2°fq0 @§fq0 v'lqo uonewy wuonesy |40 390 afgo 2190 890 vIqo uonessy uonesdy uonduasag

pasnyjia |edlueyasin pasnjjia |ediueyas|n pasnyig |edlueyds|n

jue|d papes3dn jue|d Sunsixg jue|d papesddn jue|d Sunsixa jue|d papesddn jue|d Sunsixa

SMOTd MAV - NOSV3IS A¥d

SMOTd MMV - NOSV3S LIM

SMOTd MMIAIIA - NDIS3d SS3004dd

TVAOW3IY LNIIYLNN ANNOY-4VIA HO4 SLINSIY NIMOIEG LNV1d NOILVYIV A3ANILX3

¢ 3navl






%9'9E  %V0S %8IE %8I %LTI %IV  %EET %EEC | %S9E %6'SE %06V %6VY %L'SS %L8Y  %6'EC %6'EC || %T9E %0TS %6'LY %TVY %LV %8IE  %EET %E €T pajoAIaY dL %)
%E'ST  %CST %EBT %6LT %6'ST %S'ST  %6'LT %6'LT || %S9T %0'8T %T8T %08T %TLT %EIT  %0°8T %0'8T || %S8T %S9T %6'LT %6'LT %0LT %09T  %v'LT %vLT pajpAIRI NL %
6€LT 66'€C TSLT STTT LE6T 1S0E  TTIT TTT YELT 90°LT TEET LETT 6¥9T LT'€T  9ETT 9€'TT €CLT [TV 6LTC 660C 9CTC SLT  LOTT LOTT pdd ‘pajoAray snioydsoyd |10
8€'8 TZ¥l S8 LTI 80CC 80€C 169 16'9 9€'8 97’8  GE€T  ISTT  v66T  LTLT L L €68  9T'ST €T €71 €8ST SLT LEL LEL pdd ‘42153810 Wouy 3]9A29Y snioydsoyd
106 8.6 06 S56 6CL EVL 6Tt 6Tt 88 88 186 988 SS9 6G T6°€ 6€ 68 TIT'6 6.6 698 €S SLY L€ L€ pdd “Jauasaiy L wouy 8j9A2ayY snioydsoyd
€L0E LEOE L[99 68SE 6TE 860E  98'GE 98'SE 86'C€ PI'9E 9€9E PI'9E EVVE 8STE  60'9€E 60°9€ T0LE  66TE  Y8SE  P8SE  PE 126  687E 68'vE pdd ‘pajaAday uaBoulIN [e0L
vL'0T TT0T ¥8TT LETT 8YTIT T90T  SETT SETT 8SCC €8TC S6TT  €8TC TLET vITT 8¢ 8¢ 8T'VC 6LTC TVET TYET 9€E€T TETT ST 4R 44 pdd ‘1915981 Wouy pajpAdRs N |
666 9T0T €8YT TSYT TFOT 9€0T  ISWT ST ¥0T TEET TVET TEET TLOT v¥OT  6TET 6C€T ¥8Cl  CTOT Tyel Tvel v90T 8TOT  LETT LETT pdd “Jauaxa1yy wouy pajpAda N|
spoo7 3jahray
€59 L9 S9  ¥99 999 799 199 99'9 L5999 99 S99 99 959 199 ¥8'9 959 859 €59 §§9 959  ¥S9 859 €59 Hd
S8CT LY 8FEE SSEE 98T LY SGEE 8E'EE S8C  6L€ 8Tt w8TIT S8T  9€E 68'TC 81T 09C T6CT 9T9T 9T9T  S¥'T T6T  SO'9T L6'ST /8w ‘NIL
[y0 950 ¥¥0 660 6€0 LSO 8€°0 6€°0 TUT SCT 850 650  S60 T 90 90 vET T 70 790 LOT €07 190 €9°0 /3w ‘N eluowwy
€00 CE0 €00 €0 9TL TIEL 6v'8 158 00 €T0 SO0 €60 S6¥ TS 99's 89'S S00 ¢80 SO0 80  88€E ITY ey Ty /8w ‘snooydsoyd
[ a4 S's a4 44 44 e a4 6'€ v'E 6€ v'E €€ €€ €€ €€ 0°€ 9v v'E 9Y 9 S S Sv /8w ‘SsL
49 €T 9¢T  TET  LOT €T LET LET S9T 89T TT ¥ST  SET LST €9°T €9'T 98T  TLT  LET  ELT LT 8T S8'T S8'1 1/8w ‘aog
wanjff3
TE€CT 88TT 8SCT  CICT €56  €v6 056 056 GeZT  99TT  €SCT  06IT 876  vE6 LV6 L¥6 6/IT 880T 1Ipcl 8YIT 86 906 €26 €26 pdd ‘uononpoug a8pn|s Aig
uonanpoid abpnjs
0t 0t 0z 0z 0z 0z 0z 0z 0z 0z 0z 0z 0z 0z 00¢ 00¢ 00z 00z 00z 00z 00¢ 00 00¢ 00 Aep/|e3 ‘uonippe apixoipAH wnisause
S/T'0 L9T0 OLT0 S9T'0 0¢Z0 TIZ0  OICO0 081°0 96T°0 000 98T°0 8610 090 1ISTO  9¥C0 9IT0 67’0 8IZ0 8070 90T0 TLTO 1T9T0  9ST0 9570 (ST =>) SSL 8/44/°0 40 1/3W “YNOS
%0'9C %Y'ST WLYC %EVC %09 %Y'ST  %EVT %YV || %TBT %6'LT %99T %BIT %98T %BLT  %EVIT %EBIT | %6T'6C %0T'8T %0V'LT %VT'LT %L6BT %STST %ITLT  %ITLT 9% UOIINIISIP SSA
T4 S 1748 €T 6T LZ1 0Tt 61T 61T STT  6ET 66T ¥9T  0ST 6€T 6€T 6€T vST  6€T  6ET 66T 0ST  OFT 6€T 6€T WD 3184 MOHIY 19159810
SL 8L SL 8L 8L 8L 8L 8L SL SL SL SL 9L SL €V'SL €V'SL €S€L E€EVL T80L EEVL EYVL SEVL  VEWL YEVL shep a8y a8pn|s [e10L
LS 65 LS 65 65 65 65 65 LS LS LS LS LS LS LT'LS LT'LS €€'95  €€95 L9ES €E9S €E9S €EE9S  €E9S €€°95 shep ‘23y a3pn|s 1915981Q
LSET  TIYT  LSET  OIYT TIYT  TITHT 1T 8TYT LSET  TLET  TLET  TLET  TLET  TUET TLET TLET TSET  TSET  88TT  CSET  TSET  TSET  TSET [434 1y ‘@wi] 92UdPISAY dlNespAH
S0  ST0  STO STO0  STO SO S0 S0 ST0 STO0 STO0 STO0  STO0  STO ST0 S0 ST0 STO0 SO0 STO0  STO  STO S0 sz0 SIAl ‘dWn|oA
0€9'T  ¥6ST T99T ST9T LLET 09€T  LOET 80€'T 959'T  0/S'T 069T TLET TI8ET TSET  8TET 6C€T S09'T  80ST ¥89T S9ST +SET €0ET  TOET T0E'T pdd ‘12159810 01 Bulpeo| sS1
L69 €69  8TL  6IL  STL  90L 8TL 6TL ZL OTL L¥L OWL LWL TeL 6€L 6€L WL TIL €SL TEL  SWL OTL 0€L 0€L pdd “433s381Q 03 Buipeo| SSA|
%y %SV %WV %SV %6'E  %SE %L'E %L'E %y %REV %9V %YV %8E  %LE %9°€ %9°€ %TY %LV %EV  %CY  %IE  %SE  %SE %S'€ 19152810 21q0J3Y 03 % SPI|OS PaUIGIO)
%E9 %9 %9 %S9 %SS  %SS %S %E'S %E9  %T9 %99 %EI  %Y'S  %ES %C'S %S %6'S %8S %09 %09 %S  %0S  %0'S %0°'S JaUXIYL WOy % SPIIOS
%TT  %0T  %TT  %U'T %60 %60 %60 %60 %TT  %0T  %TT  %0T %60 %60 %60 %60 %0T  %0T  %0T  %0T %60 %80 %80 %80 J31J4e|D WO % SPI|OS
\wummm.-ﬁ 21q043Y|
4190 3790 afao 27190 @790 v'lqo uonewdy uonewy [ 4fg0 30 a’fqo 2°fq0 @§fq0 v'lqo uonewy wuonesy |40 390 afgo 2190 890 vIqo uonessy uonesdy uonduasag
pasnyig  |edlueyds|Al pasnyig  [edlueydsin pasnyiq |edlueyasy

jue|d papes3dn

Jue|d Bunsixa

jue|d papesddn

Jue|d Sunsix3

jue|d papesddn

1ue|d Sunsix3

SMOTd MAV - NOSV3IS A¥d

SMOTd MMV - NOSV3S LIM

SMOTd MMIAIIA - NDIS3d SS3004dd

TVAOW3IY LNIIYLNN ANNOY-4VIA HO4 SLINSIY NIMOIEG LNV1d NOILVYIV A3ANILX3

¢ 3navl






08¢ 08¢ 08¢ 08€ (19pde) wouy) (z3y) ealy 4314
s34 xfu.a.a L
Wi Wi Wt Wt Wt Wt Wt Wt L6T L6T 16T 16T 16T 16T 16T L6T H/1E3 7918y MO[LISAQ 90elNS
00S‘€  00S‘€ 00S'€ 00S'€ 00S‘€E 00S'E  00S'E 00S‘€ 00S‘€  00S‘€ 00S‘€ 00S‘€ 00S'€ 00S'€  00S‘E 00S‘€ 4S ‘eauy
Jaiflo[)
0€T STT €vT T€T ulw/ 1y "o1ey Alddns iy
8y 8y g€ g€ S1Y ‘LYH
0T'0 0T'0 0T'0 01’0 OIN ‘BWIN|OA Sue]
yunj 21qoiay
9'6 9'6 0L 0L s1Y ‘LYH
(or4ls] 0zo 070 070 OIN ‘BWIN|OA jue]
junj dixouy - 3sod
09 09 09 09 09 09 09 09 a1ey 3dA3Y |eusdlu|
9'6 vyT 9'6 T 0L ¥'0T 0L 70T S1Y ‘LYH
0T0 0€0 0T0 0€0 0z0 0€0 0z0 0€0 OIN ‘BWIN|OA Sue]
yunj dixouy - aid
VS0 DSO DSO VSO VSO VSO 0S50 0S50 S0 DSO VSO0 VSO VSO DSO 0S0 VS0 a1ey 9|AI3Y SvY
S8T'ST 6487 90'8T /LL'8T 16'8T 68T  8L8T 8L°8T L[v'8T  LE8T 8FLT 9€'8T Lv'8T [LEBT  9€8T 9€'8T shep ‘14S uimolg
(44 L08 086 986 9T/ 18 986 8TL 108 SL6 €86 8TL 008 €86 UlW/€14 914 MOJJIY YuB] UOIIRIBY
96 6 dH ‘@jeidn Jamod yaua
4 4 4 4 4 4 4 4 4 4 4 4 14 14 4 14 /3w ‘uonesyusduo) 04
EVS'E  88S'E  L6S'E  VEY'E PET'E TI0'E  EV6C £V6'C €7E'e  08€‘c TIS'€ €IV'E CvO'e Tv6'T  €/8C €8T 7/8w “2u0) SSIN
44 9'€€ 8y 8y 24 9'€€ 8% 8y v'LT €Y 8VE  8¥E VLT €vC 8've 8've s1Y ‘LY¥H
050 00 00T 00T 0S50 0L0 00T 00T 050 00 00T 00T 0SO0 0L0 00T 00T OIN ‘DWIN|OA Yue]
Jupy uoipiay / 4y231g uonILPIXO
L L L L L L L L L L L L L L L L Hd
¥ ¥ 1% ¥ ¥ ¥ 1% 1% 6T 16T 6T 16T 6T 16T 6T 6T Anujeyy
¥IT vIT YIT ¥IT VIl PIT ¥'TT Tl €8 €8 €8 €8 €8 €8 €8 €8 dl]
8y 8y 8y 8y 8t 8y 8% 8% 13 13 13 13 13 13 13 13 NIL
€97 €97 €9C €9C €92 €9C €9C €9C 16T 16T 16T 16T 16T 16T 16T 16T SSA
9L€ 9L€ 9L€ 9L€ 9L€ 9L€ 9L€ 9L€ €L¢ €L¢ €L¢ €L¢ €L¢ €L¢ €L¢ €12 SS1|
T€€ T€€ T€€ T€€ T€€ T€€ T€€E T€€E 1874 1874 1874 1874 e 1874 1874 1874 aosg
spoo1 juanjful
ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST J, ‘dwal
050 0S0 050 0S50 S0 050 050 050 L0 L0 L0 L0 L0 L0 L0 L0 p3w ‘mol4 Juanju
aimpiadway abpiany ‘azis jup|d
o> 1> TO0> I> 10> 1> 10> TI> (1/3w) d1|
€> 8> €> 8> €> 8> €> 8> (1/3w) NIL
S[POD [PAOWAY JUIINN
4190 390 alq0 2°fq0 g7fqg0 v'fqo uonesdsy wuonewy | 4fq0 3Ifq0 afgo D20 €fg0 v'[q0 uonedy uonesdy uonduasaq
pasnyig  [edlueydsn pasnyig |edlueyas|A

jue|d papesddn

1ue|d Sunsixg

jue|d papesddn

1ue|d Sunsixg

SMOT14 MAV - NOSV3S Add

SMO1d MAIA - NSISIA SS3D0¥d

TVAOWNIY LNIIHLNN TVNOSV3IS 404 S11NS3d NIMOIF LNV1d NOILVYIV AIANTLX3

T€-¥ 319V1L






%9°9E  %V'0S %89E %89V %LT9 %IV  %EET %EET %L9E %0'T9 %SVE %9'Gh %ESS %BLTS  %LTT %L'TT P32AY d1 %
%E'ST  %TUST %EST %6'LT %6'ST %S'ST  %6°LT %6°LT %v'9T  %09T %¥'8T %6'LT %L9T %091  %6°LT %6°LT pajpAdau NL %
6€LT 66'€C CSLT STTT LE6T TIS0E TTT TTT vy'LT  TO6T TY9T TLTT TE9T T9%C T80T 78°0T pdd ‘pajoAoay snioydsoyd (1oL
8€'8 TI¥T S8 L'TT  80°CC 80'€T 169 169 '8 68T 8 EVCT  ¥L6T  ¥8T 769 769 pdd “4915981q wouy 39423y snioydsoyd
106 8.6 06 SS6 6CL EVL 61’1 61’1 €06 800T 1I¥'8 876 859 179 6'€ 6'€ pdd “4auayd1y) wouy 3dAdaY snioydsoyd
€L°0€ LE0E [99t 68SE 6TE 860f  98°GE 98's¢ 68'C€ €ET'TE 889t 68GE EVEE CT'CE  G8'SGE G8'GE 8ussao0.d spijos wouy pajoAdRI NL
¥,°0C  TT0T ¥8'TC (LETT 8¥TC ¢90C SETC GE'TT 9/'C¢ 96'TT TET LSTT S6'TT 96'TT  SSTT [wad 4235381Q WOy padAdRL NL
66'6 9T'0T €8VT ¢SPT TVOT 9€0T  ISVHT 1SYT €T°0T LT'OT 89'€l CTEET 8¥OT 9T0T €€l €€ J3UddIY} WOy pajaAdRI N1
Sppo7 ajafray
959 L9 S'9 ¥9'9 999 799 199 999 959  £99 1S9 199 €S9 S99 S6'9 789 Hd
s8'C L'y 8VEE GSSEE 98T  UW GG'EE 8€'€E vTC  vSE  60vT ETVC  6ET  LSE ET'VT %774 /8w ‘NIL
[r'0 950 vr'0  8E0  6E0 LSO 80 60 IS0 /S0 SY0 6€0  L¥O 90 %0 80 /8w ‘N eluowwy
€00 TEO €00 6T0 9TL TIEL 6t'8 158 ¥00 ¥80 €00 ¥S0 T¥S 19§ 9 79 /8w ‘snoJoydsoyd
4 [4r4 S'S e e (44 (44 (44 9€ TE 147 TE 0€ 0€ o€ o€ 7/8w ‘sSL
[49" €T 9TT TET  LOT €T LET LET ST v'T 6CT SPT  9TT  9v'T 18T 18T 1/8w ‘ao0g
anyffy
GZZT  8STT  8SCT TICT  €S6 €6 056 0S6 98TT QTITT  /9CT GSTT  6b6 G€6 96 96 pdd ‘uononpoud a8pn|s Aig
uo1anpo.d abpnjs
0z 0z 0z 0z 0z 0z 0z 0z 0t 0t 0t 0t 0t 0t 0t [or4 Aep/|e3 ‘apixoipAy wnisause|y
9/T0 TLT0 0LT'0 S9T'0 02ZC0 TITO O0TCO 08T°0 L6T°0 88T°'0 8LT'0 08I0 €€C0 20 6ICTO0 0270 (S'T =>) SS1 8/4Y/%0 Jo 1/8w “YNOS
%09 %YV'ST %LYT %EVT %09T %Y'ST  %EVT %Y vT %S9 %8'ST %T'ST %LYT %S9T %8ST  %LYT %LvT 9% U0110NJ1S9P SSA
149 (o143 €T 61T LTT 0zt 61T 61T T€T €T (445 (445 T€T €T (445 (44" ulw /€14 9B MOJJIY 13153810
SL 8L SL 8L 8L 8L 8L 8L 9L 9L 44 9L 9L 9L 9L 9L shep ‘@8y a3pnis [e30L
LS 65 LS 65 65 65 65 65 LS LS SS LS LS LS LS LS shep ‘@8y a3pn|s 43159810
LGET  TTPT  LSET  OTPT  TIYT  TIVT TTPT 8THT 6LET  6LET  €TET  6LET  6LET  6LET 6LET 6LET SJY ‘D] 32U3PISAY lNepAH
S0 SO STO0O STO STO  STO ST0 ST0 SZ0 SO0 STO STO STO  STO ST0 ST0 DN ‘DWN|OA
29T ¥6ST T99'T SI9'T LLET 09€T  LOET 80€‘T 98S‘T LEST 9/9'T TSST 69€T LEET  GOET SOE'T Aep/sq| ‘4235981 03 Suipeo| sS1L
169 90L 8TL 6TL StL 90L 8TL 6TL €TL 90L vEL 1L 0€L L0L 0zL 0zL Aep/sq| ‘4235981 03 Sulpeo| SSA
%Yy %SV %Y %SY  %6E  %8'E %L'E %L'E %Ly %V %0Vt %0EV %8E  %LE  %09E %09'€ 43159810 21q0J3Y 03 % SPI|OS pauIquwo)
%E9 %P9 %Y %S9 %S'S %SG %T'S %E'S %6'S %09 %0E9 %0T'9 %S %C'S  %0T'S %0T'S JauaddIyL wouy % spljos
%TT  %0T %TT  %IU'T %60 %60 %60 %60 %0T  %0T %00T %00T %60 %60 %980 %98°0 Jaljlie|D Wouy % SpljoS
1215361Q 219043y
00S‘vT 00S¥T 00S¥T 00SVT 00SvT 00S‘PT [|00S‘YT 00SPT 00SYT 00SVT 00SvT 00S7T 1/baw “2u0) apixolpAH wnisauseln
06 09 09T (014 dN dN 08 ov 06 09 08T ozt UN UN 08 ov Aep/[e3 ‘a8esoq apixoipAH wnisauden
09T 149 59T 14 Y49 08 S9T 06 Aep/|e8 ‘a8esoqg wn|y
0z 0z (014 0t p/|e8 ‘loueyia |\
:Q..ﬁtﬁ_\ \Q.N_ENQU
4190 390 alq0 2°fq0 g7fqg0 v'fqo uonesdsy wuonewy | 4fq0 3Ifq0 afgo D20 €fg0 v'[q0 uonedy uonesdy uonduasag
pasnyig |edatueyds|y pasnyig |edlueyds|n

jue|d papesddn

1ue|d Sunsixg

jueld papessdn | jue|d Sunsix3

SMOT14 MAV - NOSV3S Add

SMO14d MAWIA - NSISIA SS3D0¥d

TVAOWNIY LNIIHLNN TVNOSV3IS 404 S11NS3d NIMOIF LNV1d NOILVYIV AIANTLX3
T€-¥ 319V1L






CHAPTER 5.
TECHNOLOGICAL EVALUATION
FOR CONVENTIONAL ACTIVATED SLUDGE PLANTS

5.1 BASE CASE/EXISTING SYSTEM

A base case model was developed in Biowin to represent a conventional activated sludge (CAS) plant
with a MMWWEF capacity of 1.0 mgd. Figure 5-1 shows the process flow schematic for the modeled CAS
treatment plant. The plant consists of a primary clarifier, an aeration tank and a secondary clarifier to treat
the liquid stream. Sludge wasted from the secondary clarifier is sent to a thickening unit and then
combined with the primary sludge before being digested in an anaerobic digester.
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The Biowin CAS model was developed based on the 1998 Washington State Orange Book and the
general sizing and operational criteria listed in Table 5-1. Although the existing treatment process system
is very effective in removing BOD and TSS (~95-percent removal), it removes only about 34 percent of
influent nitrogen and 25 percent of influent phosphorus.

5.2 YEAR-ROUND NUTRIENT REMOVAL

Improvements required to provide year-round nutrient removal to achieve each treatment objective are
described below. Process design data for all objectives are included in Table 5-2, which is attached at the
end of this chapter.

Figure 5-1. Process Flow Schematic of Conventional Activated Sludge Treatment Plant

5-1





Technical and Economic Evaluation of Nitrogen and Phosphorus Removal at Municipal Wastewater Treatment Facilities...

TABLE 5-1
BASE CASE/EXISTING SYSTEM FOR CONVENTIONAL
ACTIVATED SLUDGE PLANT

MMWWE e 1.0 mgd
TEMPETALUTE .....eoeieiieiieiieiieeee e 10 °C
Primary Clarifier

ATEA vttt 1,020 ft2
Surface OVerflow Rate ..........ccovviueuriniueuenicieisnicienenes 979 gal/ft2
Aerobic Tank

Tank VOIUME......cccovvieiininiiiciiinccccccccce e 0.2 MG
HRT o 4.8 hours
Mixed Liquor Suspended Solids Concentration............. 2,046 mg/L
DO COoncentration...........c.eeeeeeeereereereeeeereeseeneeeeeeeeseeneenns 1 mg/L
Air SUpPLYy Rate..c.eveeieiieiieieieeeeeee e 336 cfm
Biowin SRT....ccooiiiiiieieeeeeeeee e 5.25 days
RAS Recycle Rate ......coooeiiiieiiiiiciceeceee 0.5 mgd
Secondary Clarifier

ATEA .ottt 1,450 ft2
Surface OVerflow Rate ........ccooeuveeurievniiercncinicinenns 689 gal/ft2
Anaerobic Digester

TSS wasted from Aerobic Tank .........c.cceeevvevieirennnnn. 650 ppd
Total loading to Digester........ccevveviieviiesieeiieieeieeienne, 1,779 ppd
Total Volatile Solids loading to Digester 1,255 ppd
VOIUME ..ottt 0.15 MG
Hydraulic Residence Time ........cccccoeovevvenienienienienene, 19.8 days
Sludge Production

Sludge Production ...........cccecveevererieieieieneee e 936 ppd
Effluent

BOD e 6.79 mg/L
LS S s 12.8 mg/L
PhoSPhOTOUS ..ot 4.27 mg/L
AmMMONIA N ..o 15 mg/L
TIN ettt 15.59 mg/L
PH e 6.58

5.2.1 Objective A
Process Description

The upgrade evaluated for achieving Objective A (TIN <8 mg/L) for a conventional activated sludge
plant consisted of converting the existing CAS process to a Modified Ludzack-Ettinger (MLE) process,
demolishing the existing clarifiers and replacing them with a membrane bioreactor (MBR). Figure 5-2
shows the upgraded process flow schematic. Table 5-2 summarizes the process design data. Detailed
Biowin model reports for the existing and upgraded plant are presented in Appendix A.
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Figure 5-2. Process Schematic of CAS Plant Upgraded for Objective A Year-Round

Section 4.2.1 provides a detailed description of the MLE process. Since the volume of the aeration tank in
the modeled existing secondary treatment process is only 0.2 MG, additional tanks would be needed for
an MLE process that could meet the nutrient removal objective. A new 0.1-MG anoxic tank would need
to be constructed upstream of the existing aeration system. Aeration capacity would be upgraded to meet
the increased oxygen demand associated with the nitrification process and the longer sludge age. The DO
in the tank would be maintained at 2.0 mg/L.

MBRs combine activated sludge treatment with a membrane liquid-solid separation process. The
membrane component uses low-pressure microfiltration or ultra-filtration membranes, eliminating the
need for clarification. The membranes are typically immersed in the aeration tank, although some
applications use a separate membrane tank. An MBR process effectively overcomes the limitations
associated with poor settling of sludge due to upsets in the CAS processes. MBRs can be operated at
higher mixed liquor suspended solids (MLSS) concentrations, ranging from 8,000 to 10,000 mg/L
(compared to 1,500 to 3,000 mg/L for the conventional CAS process with gravity clarifiers). The elevated
biomass concentration in the MBR process allows for effective removal of both soluble and particulate
biodegradable materials at higher loading rates. The small footprint of MBR systems and the high quality
effluent produced make them particularly useful for nutrient removal projects at treatment plants where
there is little or no available area for process alternatives with a significantly greater footprint.

The MBR tank was sized at 20,000 gallons with a membrane flux rate of 15.31 gpd/ft2 at an MMWWF of
1.0 mgd. The DO in the MBR tank would be maintained at 6.0 mg/L, with an MLSS concentration of
8,300 mg/L. Mixed liquor from the MBR tank would be recycled to the aeration tank at a flow rate of
1.5 mgd, and mixed liquor from the terminal end of the aeration tank would be recycled to the anoxic tank
at a rate of 5 mgd. The MLE-MBR system would have an SRT of 23 days.

Recycled Loads

Solids treatment for a CAS consists of a thickener for waste activated sludge (WAS) from the secondary
clarifier and an anaerobic digester for the combined primary and secondary sludge. The percentage of TN
and TP returning from these sludge treatment processes was calculated using Biowin model outputs. The
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